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EXEQUTTIVE SUMMARY

The Libby Reservoir study is part of the Northwest Power
Pl anning Council's resident fish and wildlife program The
programwas mandat ed by the Northwest Power Pl anning Act of 1980
and is responsible for mtigating damages to the fish and wildlife
resources caused by hydroel ectric devel opnent in the Colunbia
Ri ver Basin. The maj or goal of this and the Hungry Horse
Reservoir study is to quantify seasonal water |evels needed to
mai ntain or enhance the reservoir fishery. This study began in
May, 1983, and the initial phase was conpleted in July, 1988.

The three study areas of Libby Reservoir are affected
differently by damoperation and reservir norphol ogy. Relative
changes in water volune and surface area are greatest in the
Canada and Rexford areas and least in the Tenmle area. By
anal yzing surface elevations, it is apparent that the reservoir
was drafted less rapidly during fall prior to 1984. Since 1984, a
greater percent of the annual drawdown has been shiftedtothe
fall prior to snowpack forecasts, leading to reduced flexibility
i ndr andownmanagenent .

Oxygen and pH were not linmiting for trout or salmon during
the study period. Reservoir norphol ogy, hydraulics and dam
operation affect fish distribution by influencing tenperature.
Optimum growth conditions for kokanee existed from My to Novenber
inthe Tennil e and Rexford areas and May t hrough CQctober inthe
Canada area

The highest areal prinmary productivity rates were in the
Tenm | e and Border stations in July. Light, turbidity and
tenperature are the nost inportant factors affecting primary
production in the reservoir. Aweak thernal structure, caused by
rapid replacenent of water within the reservoir, turbid spring
inflows, and seasonal variations in incident solar radiation
i nfluence production

Densities of benthic invertebrates were negatively affected by
drawdown. Density significantly decreased fromthe pernanently
wetted zone to the frequently dewatered zone. The shallow and md
zones increased in density as water |levels were raised. Dipterans
were the predonminant benthic invertebrate in all zones, but
per cent ages decreased with depth in the reservoir.

The nearshore zone generally had greater densities and
bi omasses of surface macroinvertebrates than did the |imetic
zone. The difference was not statistically significant due to
hi gh variances caused by patchy distribution. Lower relative
densities of terrestrial insects in the Rexford area were
attributed to |arge expanses of barren ground between the
shorline vegetation and water that inpeded terrestrial transport.
H gher relative aquatic invertebrate densities in the Rexford area
were attributed to larger areas of productive shall ow water and
substrate. Peaks in abundance were seasonal and related to
energence patterns of insect types.
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Energence of _di pterans peaked from April through June.
Emer gence as no./nf/wk was greatest in the occasionally dewatered
zone, followed by the frequently dewatered zone and the
permanently wetted zone. H ghenergenceinthe shallow zone in
May could be due to transport of emerging pupae across zona
boundaries by wind or water currents, recolonization by larvae, or
rapi d emergence after reflooding the shallow zone during reservoir
refill. H gher densities of emerging insects in the md and
shal | ow depths as conpared to relatively |low densities of benthic
insects nmay be expl ained by recol oni zation, sanpling bias, or
greater productivity in shallow and md zones than in deep zones.

The copepods D apt omus and_Cycl ops nmadeupt he maj ority of
the zoopl ankton community. Daphnia abundances were generally
greatest in the Canada area and nay be related to earlier sumrer
war nup, decreased vertebrate predation and greater nutrient input
than in the other areas. Densities of Daphnia < 1.5 nm were
greatest and densities of Daphnia > 1.5 mmwere | east during years
of high kokanee densities, suggesting a size-selective feeding
behavior for kokanee. Geatest densities for all zooplankton
speci es were foundi n the upper none neters of water during spring
and summer nonths, and maybe a response by the planktors to the
shal | ow euphotic zone caused by turbid spring inflows.

Floating and sinking gill net trend sanpling since 1975
i ndi cates an increase in kokanee, peanouth, yellow perch, and
northern sguawfi sh popul ati ons. W observed a trend for decreased
abundance in Oncorhynchus trout species, mountain whitefish, and
redsi de shiner, whereas the abundances of |argescal e and | ongnose
suckers, bull trout, and ling appeared to renmain constant.
Vertical gill net catches in the lower two study areas of the
reservoir were dom nated by kokanee; peanouth were dominant in the
Canada area

Hydr oacoustic estimation of kokanee densities suggest a
cyclic trend beginning in 1981 of a strong year class followed by
two weaker year classes. This fluctuation in nunbers is
noderating but remmins evident in the sanpling. Densities of
kokanee during August were generally greatest at Peck @l ch and
least in the Canada area.

Anal ysis of otoliths and scal es indicatedthatsize-at-age
for oncorhynchus trout species was related to tine of emgration
fromtheir natal streans. Initial growh advantage realized by

younger mgrants was negated by the fourth year in the reservoir

Gow h of %okanee was sl owest when popul ation densities of the
previous year's kokanee were high. Geatest growth of kokanee
corresponded with bl oons of Daphni a. Bul I trout exhibited
greatest growth in the first year of reservoir life. Results
differ fromother studies and are possibly related to predation on
kokanee, chub, sucker, trout orsoneotheravail abl e food source.

Daphni a were the nost inportant food source for kokanee,
nount ai n whi tefish, peanouth chubs and | argescal e suckers during
al | seasons. Daphnia were also inportant in the diet of two size
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classes of trout (< 330 nmand > 330 i) in the winter and to a
| esser extent in the fall. Conpetition between these species for
Daphni a probably did not occur due to differences in size
sel ection of Daphnia, habitat utilization, relative abundance, and
consunptionofal ternative fooditens. Both bull trout and burbot
fed predominantly on fish, although the najority of bionass
ingested by bull trout cane fromkokanee, |argescal e suckers and
trout species, while |argescal e suckers alone accounted for the
maj ority of biomass consumed by burbot. Further analysis will be
needed if recently introduced Kam oops rainbow trout becomne
established in the reservoir.

Catches of mgratory trout in Young Creek between 1970 and
1987 reflect the effects of managenment activities, angler harvest,
and changes in the reservoir fish comunity over the period.
Capt ures increased fol | owi ng the renoval of passage barriers, and
increased again following the inprint planting of cutthroat fry in
Young Creek. Wth the cessation of planting in 1976 and the
decrease of cutthroat in the reservoir, captures in Young Creek
have continually declined.
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INTRODUCTTION

Li bby Reservoir was created under an International Colunbia
River Treaty between the United States and Canada for cooperative
wat er devel opment of the Col unbia River Basin (Colunbia River
Treaty 1964). The authorized purpose of the damis to provide
power (91.5%, flood control (8.3%, and navigation and other
benefits (0.29%.

The Paci fic Northwest Power Act of 1980 recogni zedpossi bl e
conflicts stemming from hydroel ectric projects in the northwest
and directed Bonneville Power Administration to "protect,
mtigate, and enhance fish and wildlife to the extent affected by
the devel opment and operation of any hydroel ectric project of the
Colunmbia River and its tributaries...” (4(h)(10(A)). Under the
Act, the Northwest Power Planning Council was created and
recomrendations for a conprehensive fish and wildlife program were
solicited fromthe region's federal, state, and tribal fish and
wildlife agencies. Anong Montana's recommendati ons was the
proposal that research be initiated to quantify acceptable
seasonal m ni mum pool elevations to maintain or enhance the
existing fisheries (Gaham et al. 1982).

Reservoirs are best regarded as a distinct type of freshwater
ecosystem differing fromboth streans and | akes (Baxter 1977).
Reservoir water |evel managenent is considered to be an inportant
tool for fisheries managenent (WIlis 1986). Acknow edgenent of
the value of water |evel nanagenment to mmintain desirable
reservoir fisheries has resulted in a vast anount of research
literature (see bibliographies of Triplett et al. 1980, Pl oskey
1982). However, ecol ogi cal approaches to understanding and
predicting the potential inpacts of hydrolelectric facilities are
relatively new (Mgnuson 1979)

An inter-disciplinary team of experts net in 1980 to discuss
i ncorporating ecological issues in basin-level hydropower planning
(H I debrand and Goss 1981). They concluded that the capability to
predi ct water-|evel changes was adequate but nodeling of
bi ol ogi cal effects was inadequate. In a national survey of
reservoir biologists to identify reservoir fisheryresearch needs,
better know edge of water quality/fish interactions and the
ability to predict inpacts of reservoir drawdowns and/or water
| evel fluctuations were considered highest priorities for
necessary information (Hall 1985). Long-termdata replicating
several managenent and recruitment events are needed to devel op
these predictive models (Ploskey 1986).

Research began in May 1983 to deterni ne how operations of
Li bby daminpact the reservoir fishery and to suggest ways to
| essen these inpacts. This study is unique in that it was
designed to acconplish its goal through detailed infornmation
gathering on every trophic level in the reservoir system and
integration of this information into a quantitative conputer
nmodel .  The specific study objectives are to:



1)

2)

3)

4)

5)

6)

Quantify available reservoir habitat,

Det erm ne abundance, growth and distribution of fish
within the reservoir and potential recruitnment of
sal moni ds from Li bby Reservoir tributaries within the
united states,

Det ermi ne abundance and availability of food organi sns
for fish in the reservoir,

Quantify fish use of available food itens,

Devel op rel ationshi ps between reservoir drawdown and
reservoir habitat for fish and fish food organisns, and

Estimate inpacts of reservoir operation on the reservoir
fishery



DESCRTPTION OF STUDY AREA

Libb% Reservoir (Lake KoocanusS};mas fornmed by inpoundnent of
the Kootenai River in March 1 Li bby Damis located in
Lincol n County, northwest Montana, apprOX|nater 27 km (17 m)

upstream fromthe town of Libby (Flgure 1). The Montana portion
of the reservoir is bordered mainly by the Kootenai Nationa

Forest. The majority of the private property is located near the
town of Rexford.

The | and adj oi ni ng the Canadian portion of the reservoir is
principally owned by private citizens. A notable exception to
this is the K komun Provincial Park which is |ocated on the east
bank of the reservoir, 10 mles south of the town of \Wardner,
British Col unbia

WATER QUALITY

The Kootenai River is the second |argest tributary of the
Col unbia River, wth an average annual discharge of 868 m/ s
(30,650 cfs). Libby Reservoir and its tributaries receive runoff
from 47 percent of the Kootenai R ver drainage basin. The
reservoir has an annual average inflow of 10,615 cfs and three
Canadi an rivers, the Kootenai, Elk, and Bull, supply 87 percent of
the i nfl ow (Wods 1982).

Cranbrook, Fernie, and Kinberly, in British Colunbia, and
Eureka in Mntana have contributed the major nunicipal point
sources of water pollution. Industrial point source pollution has
occurred fromthe Sullivan (Comnco Ltd.) lead/zinc mne and its
ore concentrator on Mark Oreek, Crestbrook Forest Industries Ltd.
bl eached kraft pulp m |l at Skookunthuk, and a Com nco Ltd.
phosphate fertilizer plant, also on Mark Creek near Kinberly.

By 1981, these industries had taken major steps toward
pol lution abatenment with the installation of wastewater purifying
and recycling equipnent. Also, after Septenber 1987, Com nco Ltd.
cl osed the phosphate fertilizer plant; it is believed this wll
significantly reduce phosphate loadings to the St. Mary River and
ultimately the Koot enai

The drai nage basin is |located within the Northern Rocky
Mbunt ai n physi ogr aphi ¢ provi nce, which is characterized by north
to northwest trending nountain ranges separated by straight
val l eys parallel to the ranges (Wods and Falter 1982). These
mount ains are conposed of folded and faulted crystal bl ocks of
met amor phosed sedi mentary rocks of the Precanbrian Belt Series.
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MORPHOILOGY

At full pool, the reservior extends 145 km northward, wth
68 kmof its length located in Byitish Colunbia. _ Maxi mum vol une
and surface area are 7.24 kK and 188 km 2, respectively
(Table 1).

Li bby Damis a 113-m (370-ft) high concrete gravity structure
with three types of outlets: three sl uiceways, five operational
penstock intakes (eight possible), and a gated spillway. A
selective wthdrawal system was installed at Libby Damto allow
for withdrawal of water from the reservoir ranging from the
penstock invert (elevation 677 mor 2,222 ft) to within about 6 m
(20 ft) of the surface at full pool (Bonde and Bush 1982). This
system became operational in the spring of 1978. The damcrest is
931mlong (3,055 ft) and the widths at the crestandbase are 16
m (54 ft) and 94 m (310 ft), respectively.

RESERVOIR OPERATION

Li bby Reservoir is a headwater storage project operated by the
Arny Qorps of Engineers (ACCE) as an integral part of the Col unbia
Ri ver Basin hydroelectric network. Reservoir elevations are
managed primarily for power and flood control purposes (Storm et
al. 1982). The ACCE operates Libby Reservoir to reach full pool
in July, begins drafting the reservoir in Septenber, reaches a
m ni num pool elevation in March, and begins refilling the
reservoir in spring

FISH SPECIES

Sevent een species of fish are present in the inpoundnent
(Table 2). Li bby Reservoir currently supports an inportant
fishery for kokanee (Oncorhynchus nerka), rainbow trout
(Oncorhynchus mykiss) and westslope cutthroat (Oncorhynchus
clarki) with annual fishing pressure over 500,000 hours ﬁChishoI m
and Hamlin 1987). Burbot (Lota lota) and bull trout (Salvelinus
confluentus) are also inportant game fish, providing a Significant
fishery during the winter and spring nonths.




Tabl e 1. Morphonetric data for Li bby Reservoir

Surface_elevation
maxi mum pool

m ni mum oper ati onal pool

m ni num pool (dead st orage)

Area
maximum pool

m ni num operational pool

Volume

maxi mum pool
m ni mum oper at i ona

pool
Maxi mum | engt h
Maxi mum dept h

Mean dept h

Shoreline length

Shorel i ne devel opnent

Storage ratio

Drai nage area

Dr ai nage area: surface area
Aver age annual discharge

pre-dam record (1911-1972)

post-dam record (1974-1986)

or

749.5 m (2, 459 ft)
697.1 m (2, 287 ft)
671.2 m (2, 222 ft)

188 sq. km (46,500 acres)
58.6 sq. km (14,487 acres)

7.24 kgf (5,869,400 acre-ft)
1.10 ¥~ (890, 000 acre-ft)
145 km (90 m )

107 m (350 ft)

38 m (126 ft)

360 km (224 i)

7.4 km (4.6 ni)

0.68 yr

23,271 sgq. km (8,985 sqg. m)
124:

12,170 cfs (Storm et al
11,774 cfs (our data)

1982)

10, 615 cfs




Table 2. Current
R=r ar e)

(1=increasing,

and abundance

rel ati ve abundance (A=abundant,
trend from 1975

D=decreasing, U-unknown) of fish

S=st abl e,

species Present in Libby Reservoir.

C=commmon,
to 1987

Rel ati ve Abundance

Conmon Nare Scientific name abundance trend
Game fish species
Westslope cutt hr oat Oncorhynchus clarki lewisi C D
trout
Rainbow t r out Oncorhynchus nyki ss A D
Bull trout Sal vel i nus confluentus C S
Brook trout Salvelinus fontinalis R U
Lake trout Salvelinus namaycush R U
Kokanee salmon Oncor hynchus  nerka A I
Mount ai nwhi t efi sh Prosopium williamsoni C D
Burbot Iota lota C I
Iargemouth bass Micropterus salmoides R U
Wi te sturgeon Aci penser _transnont anus R p&/
Nongame fi sh speci es
Pumpkinseed Iepomis gibbosus R U
Yellow perch Perca flavescens o I
Redside shi ner Richardsonius balteatus R D
Peamouth M/l ochei | us caurinus A |
Nort hern squawfi sh Ptychocheilus oregonensis A I
Largescale sucker Catostomus macrocheilus A S
Longnose sucker Catostomus cat ost onus Cc S
8/ Five white sturgeon were relocated from below Libby Dam to the

reservoir.

At |east one of these fish noved upriver out of

the reservoir and two were reported caught by anglers.



RESERVOIR HABITAT

Methods

Li bby Reservoir has been divided into three areas for study
purposes by the Mntana Department of Fish, WIldlife and Parks
(Huston et al. 1984, Chisholm and Fraley 1986). Segregation into
three geographi c areas was based on reservoir norphonetry, effects
of reservoir drawdown, and political boundaries (Figure 2).

The 'nearshore’ or littoral zone was defined as that portion
of the reservoir within 100 mof the shoreline. The remaining
area of the reservoir was designated as the |limmetic zone.

Contour maps of the area inpounded by Li bb% Dam [ (USACCE, File
Nunber E53-1-154, Sheets |-37, 1972 and British Columia Mnistry
of the Environnent, Drawi ngs M 249-C, Sheets |-63, 1969)] were
digitized to allow for conmputer access and storage. Each ten foot
contour interval wasentered for all reservoir naps fromfull pool
el evation (2,459 ft above mean sea level) to 2,190 ft, and 30 foot
contours wereentered from2,190 ft to the reservoir bottom Water
surface area and volune were cal cul ated using equations generated
fromthis data which mathematically defined a cubic spline
rel ationship between el evation and the variabl es.

Results and Discussion

Reservoir operation differentially affects the three study
areas of the reservoir-- a function of their basic norphol ogy
and proxinity to the dam (Figure 3). Annual vertical fluctuations
of up to 52.4 m (172 ft) occur, reducing total volune nearly 85
percent and mean depth by 51 percent.Drawdown to the m ni num
operational pool reduces the | ength of reservoir by 53_percent (to
67.6 km), the volune by 85 percent (to 1.08 km 3y, and the
surface area by 69 percent (to 58.6 km 2). Rel ative changes in
wat er volume and surface area are greatest in the Canada and
Rexford areas and least inthe Tennile area. At full pool, the
Canada area conprises 38 percent of the total surface area, and a
100 - ft drawdown reduces the Canada area to | ess than 12 percent
of the total (Appendix A  Table Al). Conversely, the relative
percent of total surface area in the Rexford and Tenm | e areas
i ncrease from conprising 24.7 and 37.2 percent of the total at
full pool to 31.9 and 56.5 percent at a 100-ft drawdown,
respectively (Appendix A Table Al). A graph of the relationship
of reservoir elevation to surface area and volune is provided in
Appendi x A, Figures Al and A2. The nean depth of 38.1 mat full
pool is reduces to 8.6 mat 172-ft drawdown.

Reservoi r drawdown has averaged 118 ft since 1974 (Table 3).
Ful | pool (2,459 ft above msl) was first reached in July 1974 and
the reservoir has attained that elevation 10 of the 14 years
since. Deepest drafts occurred in 1974 (153 ft), 1975 (172 ft),
and 1976 (152 ft), and in two oftheseyears (1974 and 1976) the
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Table 3. Lake-fill time (yrs.), hydraulic-residence tine (yrs.),
maxi mum drawdown, nunber of days held at full pool, and
maxi mum reservoir el evation for Libby Reservoir by year from
1972 through 1987.

Iake-fill tire (yrs) Bdraul icresidare (yrs) No. days Max. poal
Mxthly Mxthly Mximm at full elevation

Year Ammual Men Mino M. Amml Meen Mino Mix. £t nm poal (ft)
1972 0.14 0.17 o4 0.52 0.14 0.14 o.a2 0.37
1973 0.22 0.40 0.0 0.88 0.33 0.49 o0.11 1.29 230 70.3 0 2417
1974  0.28 0.61 0.09 1.28 0.29 0.33 0.13 0.67 153 46.6 66 2459
1975 037 063 o1 1.13 0.41 0.78 0.10 2.66 172 52.4 0 2454
1976  0.38 o0.72 0.13 1.54 0.38 0.55 0.13 1.56 152 46.2 53 2459
1977 0.64 093 0.26 1.64 050 0.5 0.24 1.42 loo 30.5 0 2414
1978 0.43 0.75 0.18 1.33 0.48 0.63 0.24 1.28 129 39.3 26 2459
972 066 108 0.22 1.78 0.62 0.97 0.22 2.8 95 28.9 0 2451
1980 0.52 0.94 017 1.47 0.58 0.78 0.29 2.07 106 32.3 34 2459
1981  0.33 0.89 0.12 1.77 041 o0.5 0.23 1.29 1m0 33.5 51 2459
1982 0.46 0.84 0.11 1.53 0.46 0.49 0.24 0.89 [|I7 357 56 2459
1983 0.50 0.81 0.13 1.96 o0.51 0.61 0.22 1.57 111 33.8 44 2459
984 0.61 1.02 0.16 1.78 0.56 0.74 0.25 1.53 89 27.1 17 2459
19¢5 0.55 0.86 0.13 1.36 0.54 0.80 0.19 1.9 m7 357 0 2450
1986 0.47 o0.72 0.16 1.13 0.47 0.64 0.21 1.38 1@ 32.0 43 2459
1987 1.07 0.62 0.16 1.77 0.63 0.85 0.35 1.96 101 30.8 26 2459
Averace (post 1974) 18 36.0 41.6

(all yesrs) 29.7
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reservoir was refilled. The average time spent at full pool was
over one nonth (41.6 d); this figure does not include those years
where full pool was not reached. The nean el evation reached for a
nolnl-refilll year (post 1974) was 2,442 ft above nsl or 17 ft bel ow
full pool.

During the five years of this research project, the reservoir
i nfl ow equal ed annual outflow volune from Li bby Dam except in
1985 when the reservoir did not refill. Maxinuminflow occurred
during May for all years from 1983 through 1987, whereas, in
general maxi num outflow occurred during Novenber (Appendix A
Figures A3, Ad). This annual pattern of inflow and outfl ow
produced large fluctuations in reservoir surface elevation
(Appendix A, Figure A5). Gaphs of nmean nonthly outflow
tenperature and dam w thdrawal elevation for 1983 through 1987 are
al so provided in Appendix A (Figures A6, A7). W t hdr awal
el evation was generally 60 to 70 ft bel ow the surface el evation of
t he reservoir fromMy through Novenber.

Managenent of fall outflows at Libby Reservoir has changed
since 1984. By conparing year-end reservoir surface elevations
before and after 1984, it is apparent that the reservoir is being
drafted to a greater depth at an earlier time. Mean reservoir
el evation for Decenber 31 from 1973 to 1983 was 2,400.6 ft
(standard deviation = 15.2) versus 2,389.8 ft (standard
deviation=2.2) for the years 1984 to 1987. A one-tailedt-test
confirnmed that the later year elevations were statistically less
than those prior to 1984 (t=.78, df=8.73, p=0®4). Wthin the
operational limts of the reservoir (2,287 ft above nsl), the
addi tional 10-ft drawdown by Decenber 31 represents a 13 percent
reduction in available volume. Deeper draft before January is
likely to lead to reduced flexibility in drawdown managenent, as
these drafts are taking place before the first snowpack forecasts
are issued on January 1 of each year. The resulting power is
currently marketed as surplus firnpower, whi chdoesnotsuppl ant
t hefi r npower conmi tt ments.

Lake-fill and hydraulic residence are expressions of the
time it takes to refill a reservoir at a given inflow and how | ong
t hewat er st ays in the reservoir at a given outflow, respectively.
Lake-fill (or retention) tines are expressed mathematically as
vol une (V) divided by inflow (I) and the expression for hydraulic
resi dence is volume/outflow (VO (Wods and Falter 1982).

Straskraba (1973) considered |l ake-fill (retention) time to be
a maj or key to understanding reservoir |imology. Retention time
affects thermal structure (Straskraba 1973), water currents and
nutrients, and therefore the degree of eutrophy ( Dillon 1975) and
primary production in a reservoir (Dickman 1969, Wods 1979, St.
John et al. 1976).

Lake-fill times are greatest in Li bby Reservoir in the late
sunmer months (when inflow is smallest and volune is the |argest)
and m ni mum during runoff nonths (when inflowis |arge and
reservoir volume is relatively small followi ng fallandw nter

12



drawdown). Hydraulic residence tines in Libby Reservoir are
greatest during the winter/spring refill or the sunmer nonths
(when 0 is small or V is approaching capacity, respectively).
M ni mum hydraulic residence times nornally occur during the fall
and wi nter nonths, when damoutflowis at its maxi mumand the

vol unme has been reduced fromdrafting.

13



WATER QUALITY
Methods

A permanent sanpling buoy was placed within each area (an
established United States CGeol ogical Survey [USGS] buoy was used
inthe Tenmle area) where water qual ity and zoopl ankt on sanpl i ng
were conducted. In addition, eight to twelve transects were
est abl i shedbet ween recogni zabl e | andmarks in each area. These
transects were further subdivided into east, west, and md
reservoir stations for random sanpling.

Vertical layers of the water columm were defined using
measurenents of |ight penetration, water tenperature, dissolved
oxygen, pH, and conductivity (umhos/cm). A Protomatic phot onet er
and a Martek Mark V digital water quality anal yzer were used to
measure the above variables. Sanpling was conducted in each
geogr aphi ¢ area on a biweekly basis from My through Cctober, and
nmont hl'y from Novenber through April unless dewatering of boat
ramps or ice formation prohibited access (Table 4).

Mart ek sanpling was done using methods followed by the USGS
(Geeson et al. 1977). Water quality measurements were taken at
the surface, at one nmeter, at every two neters to 15 m at every
three neters to 60 m and at every five meters to 95 mor the
bottom Laboratory calibration of the Martek was done prior to
field sanpling follow ng the manufacturer's instructions. Water
sanpl es were also taken with a VanDorn sanpler at the surface,
11m and 21 m A nodified Wnkler titration (APHA 1975) was used
to deternmne the dissolved oxygen (D.O) content of these sanples.
These D. O values verified proper calibration of the Martek
meter. Incident |ight was recorded above the water's surface and
at one meter intervals to a depth of 30 mor until light intensity
was one percent or less of the incident light (defined as the
| ower boundary of the euphotic zone [Talling 1962]). Secchi disk
readi ngs were taken follow ng the considerations presented by
Vet zel (1975).

| sopl eths of tenperature, pH dissolved oxygen, and
conductivity were plotted for each sanple station through tine
usi ng the USGS program STAMPEDE.

Results and Discussion

Oxygen and pH were not found to be limting at any time in
Li bby Reservoir, generally neeting all salnonid requirements as
reported in Piper et al. (1982). Dissolved oxygen ranged between
7 and 15 ppmin 1987 (Appendix B, Figures Bl through B3), and pH
ranged from®6.8 to 8.9 (Appendix B, Figures B4 through B6).
CGeneral ly those species that live in cold or cool waters of |ow
primary productivity do best at pH 6.5 to 9 (Piper et al. 1982).

Water tenperatures ranged froml°C to 21°Cin 1986, and from
[°Cto 25°Cin 1987. Maxi mum surface tenperatures occurred in

14



Tabl e 4. Limnological sampling frequency on Libby Reservoir from
1983 through 1987.

Mont hs Year
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec t ot al
1983 - - - - - -112 2 1 1 8
1984 1112 2 2 3 2 2 2 11 20
1985 1 - = 1 2 2 2 2 2 2 1 1 16
1986 1 - -1 2 2 2 2 2 2 1 1 16
1987 1 - 1 1 1 1 i - 1 - 1 - 8
Totals 4 1 2 5 7 7 10 7 9 8 5 4 68
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growth of kokanee salnon, currently the nost sought-after fishin
the reservoir, is listed as 10-15°C by Piper et al. (1982).
ptimumgrowth conditions in terns of tenperature occur from May
t hrough Novenber for the Tennile and Rexford areas and May through
Cctober for the Canada area (Appendix B, Figures B7 through B9).
The greatest volume of water with these tenperatures is generally
present from My through July.

Li bby Reservoir did not thernmally stratify to any degree
during 1986 or 1987, as evidenced by the w de spaci ng of I sotherns
on the Tenmle, Rexford, and Canada graphs (Appendi x B, Figures B7
t hrough B9). The weak thermal structure of Libby Reservoir was
largely attributed to reservoir operation. \ater novenents in
reservoirs result fromthe interactions of reservoir operations,
basi n norphol ogy and clinmate, thermal stratification, and currents
(Wods and Falter 1982). In many reservoirs, the unsteady nature
of inflow and outflow currents (i.e. reservoir operation) is
| argely responsible for continual water movenent, and is strongly
related to water quality paraneters such as tenperature and oxygen
(Winderlich 1971).

Euphotic zone depth averaged 10 min 1986 and 8 min 1987
(Table 5). lowest levels of |light penetration occurred during
spring runoff; euphotic zone depth averaged 5 min June of 1986
and 4 min May of 1987. These low levels are due to turbidity
caused by large | oads of suspended sedinents carried into the
reservoir by the Kootenai River during spring runoff (Bonde and
Bush 1975); the effect is conpounds by the | ow water volumes in
the spring resulting fromthe winter draft of the reservoir.
Deepest euphotic zone depths occur during the wnter nonths in the
Tenm |l e area and during late winter and summer nonths in the
Rexford and Canada areas, respectively (Appendix B, Figures B10
t hrough B12).
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Table 5. Mean euphotic zone depth (m) (top line) and secchi disk
depth (m) (bottom line) measured in Libby Reservoir,
July 1983 through Decenber 1987. Sanple size is in
par ent hesi s.

Mont hl'y
Mont h 1983 1984 1985 1986 1987 nmeans

Jan -~ (0) 12 (3) 12 (1) 12 (2) 12 (1) 12
-- - 3.3 3.8 3.1 3.5

Feb -— (0 10 @) 4 (1) -- (0 -- (0) 7
- - 2.8 o 2.8

Mar -— (0) 12 (2) - (0) -- (0) 10 (2) 9

— - - 3 3

Apr -= (0) 14 (4) 7 53) 8 (2) 8 (2) 8
- 2. 0.9 2.6 1.9

May - (0) 10 (4 8 (4 8 (5 4 (3) 7
- 0 (4) 2(.3) 2.(3) 1.§ ) 2.0

Jun -— (0) 6 (4 6 (6) 5 (5 8 (3) 5
- (4) 1.8 2.8 ) 3.5( ) 2.2

Jul 13 (2) 7 (7) 10 (6) 9 (6) 10 (3) 9
4.3 o 3.8 3.6 4.2 3.7

Aug 11 (5) 10 (8) 12 (7) 12 (6) 11
3.9 6.0 5.8 4.0

Sep 13 (9) 13 (5) 12 (6) 13 §5) 7(3) 12
6.2 - 5.6 5. 5.8 5.7

Oct 15 (7) 14 (6) 12 () 11 (7) 13
6.2 - 5.6 5.6 5.8 5.7

Nov 12 (2) 10 (3) 11 gg) 10 (2) 4 (2) 10
-- T 2. 2.8 3.0 2.8

Dec 12 (2) 14 (2) 13 (1) 8 53) 11
- 3.2 3. 3.2

Annual . 13 11 10 10 8 10
Average 4.9 o 3.8 4.0 3.5 3.6




PRIMARY PRODUCTTON

Methods

Primary production nmeasurenents were made at three-week
intervals fromMay to Novenber, 1986, and then at four-week

intervals until April, 1987. Four stations within the reservoir
were nonitored: Tenmle, Stonehill near Peck Gulch, International
Border, and Canada near Ki komun Provincial Park. Primry

productivity was neasured using the light/dark bottle technique
and 14c radioi sotope tracer (Wetzel and Likens 1979). This nethod
is particularily applicable to slow noving or standing, |ow
prcductivity waters such as Li bby Reservoir (Janzer et al. 1973).
For each station, water sanples were collected at discrete depths
(surface, 1, 3, 5, 10, 15, 20, and25 nm) and subsanpl es drawn of f
into one clear and one opaque bottle. These were inoculated with
4¢ and then suspended at the collection depth and incubated for
three to seven hours near mdday. The al gae frfﬁn each bottle was
then separated by filtration for analysis of C uptake t hrough
liquid scintillation counting. Total daily solar radiation was
measured by a pyrononeter set and nonitored at the Miurray Springs
Fi sh Hatchery.

Rates were estinmated using the foll owi ng general equation and

uptake =  Y4c uptake

solving for '12cuptake': 12¢ avail abl e 14c avail abl e

where "12C available' was estimted from alkalinity neasurenents,

14¢ gvailabl e | was cal culeteq £romthe specific activity of the
NaH! CO5 stock solution and '=*C uptake' was measured by l|iquid
scintillation counting of the filtered al gae.

Dai |y vol unetric production rates (mgC/m3/d) at each station
were calculated fromthe rates measured during the incubation
period by normalization to total daily light (total
| angl eys/ | angl eys during the incubation period). Volunetric
rates for each depth sanpl ed were then integrated to give a water-
colum or areal productivity rate (nmyCnf/d)

Results and Discussion

H ghest daily areal productivity rates were neasured at the
Tenm|e and Border stations but rates were highly variabl e between
sanpling areas (Table 6). Direct statistical conparisons of
di fferences anong stations were not performed because
photosynthetic activity is not constant throughout the Iight day
or euphotic zone, nor is it synmetrical with regard to m dday
(Vol | enwei der 1965). Therefore, differences in the period of the
l'ight day sanpled preclude statistical tests between areas.
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Table 6. Primary productivity data collected from Li bby Reservoir,
May 1986 through January. 1987. The rates are expressed
as daily areal rates (mgC/m4/d).

Primary productivity (mgC/m</d)

Dat e Tenmile Pinkham Bor der Canada
May 15 278.8 133.7 133.1 -
June 5 337.4 311.7 123.9 -
June 26 T - T 206. 6
June 27 401.5 272.2 365.3

July 17 T o 242. 7 288.5
July 18 588.0 391.5 —

Aug 7 o - 488. 6 -
Aug 8 505.0 391.1 — -
Aug 11 T — - 314. 4
Aug 28 T - 419.1 320.1
Aug 29 369.3 382.0 - -
Sept 18 o T 264. 2 225.2
Sept 19 449. 6 308. 2 - -
Oct 9 T —_— 168. 2 180. 8
oct 10 308. 5 316.1

Dec 11 88.1 63.9 85.6 -
Jan 15 189.1 - T -
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Dai |y areal productivity rates were highest during July, with
nenéured productivity in 1986 ranging between 63.9 and 588.0 ny
Table 7). This is simlar to the production rates
neasured from 1972 to 1980 reported by Wods (1982) as ranging
from0.4 to 420 ng C/m /d.

Monthly averages of observed secchi disk depth, surface water
tenperature and nmonth of the year explained 94 percent of the
variation in 1986 phytoplankton productivity rates (R =0.941;

=15.94; P=039). Simlarily, nonthly averages of the
eupgotlc zone depth, surface water tenperature and nonth of the
year al so explainedR§4 percent of the variance in neasured
productivity rates ( 0.939; F3 3=15.56; P=0.0247). Wthin any
given area, the lowest daily areal primary production rates were
observed in Decenber (Table 7). These results inply that the
overriding factors determning productivity in Libby Reservoir at
this time are light and tenperature. Wods (1982) presented t he
results of multiple regression analysis in which six variables
were used to predict daily areal primary productivity in Libby
Reservoir fromdata gathered during 1972 to 1975. The rel ationship
devel oped expl ai ned 50 percent of the variance. Disparity with
our results may reflect the different techniques used, especially
with regard to integration of incident |ight during incubation of
samples, or may indicate a real change in the inportance of
factors limting photosynthetic activity on Libby Reservoir

Wods (1979) concluded that the quantity of |ight received by
phyt opl ankt on was the dom nant influence on primary productivity
in the reservoir: however no one single environmental variable
fully accounted for the seasonal variations in primry
productivity. He identified three processes as having an effect
on the light avail abl et ophytopl ankton. First, a weakthernal
structure in the reservoir allowed phytoplankton to be circul ated
out of the euphotic zone. The operational schedule of the
reservoir, in conjunction with |arge seasonal inflows, produced
the weakthermal structure. Second, thelargelyturbidinflows
during spring runoff substantially reduced euphotic zone dept hs.
Third, the anount of l|ight available was |argely dependent on
seasonal and neteorol ogical variations in incident solar
radi ation.

The extent to which nutrients determ ne phytopl ankon
production in Libby Reservoir is not fully known. Wods and
Falter (1982) reported that nitrogen and phosphorous data taken
concurrently with areal productivity did not appear to account for
the seasonal variations in productivity. ring 1972 to 1980, the
reservoir was classifiable as eutrophic, based on Vollenweider's
(1975) nutrient loading nodel (Wods 1982). However, the average
daily areal primary productivity during 1972 to 1980 characterlzed
its trophic state as oligotrophic. This discrepancy is
attributed to the failure of the nutrient Ioadln% nodel to
adeguat el y account for |innol ogical processes wthin the resevoir
vhi ch affected the availability of influent nutrient |oadings to
phyt opl ankt on (\Wods 1982).
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Table 7. Mean nonthly values of variables used in regression
anal ysis of daily areal primary productivity measured
i n Li bby Reservoir, 1986.

Productivity

rate Surface Euphotic Secch
Mont h (mgC/m?/d) temp (°0) zone () depth (n)
Ny 181. 67 8.1 8 2.3
June 288. 37 17.7 5 2.0
July 377.67 19.5 9 3.6
Aug 399. 81 20.9 12 5.8
Sept 249. 43 15.8 13 5.6
Oct 243. 41 11.9 11 5.0
NOV 10 2.8
Dec 79. 20 4.7 8 3.3

21



Qur technique assunmes that all primary productivity is from
phyt opl ankt on and that periphyton primary productivity was
mniml, which can generally be assuned in large, deep |akes
(Likens 1975). Calculations assume that photosynthetic activity
is constant through the day, which it is not, but does vary | east
bet ween the second and fourth |ight periods (Vollenweider 1965),
whaen our sanpling was conducted. Al so, the nethod used to neasure
productivity quantified particul ate organi c carbon, not dissol ved
organic carbon, which nay be inportant at |ow phytopl ankt on
gro rates (Harris 1986). Another potential bias inherent wth
the 1l4c light and dark bottle nethod is that the in situ
i ncubations create an artificial environment by isolating
phyt opl ankt on from turbul ence and circul ation through |ight
gradients. Woods and Falter (1982) believed this bias was exi st ent
on Libby Reservoir, but minimal..

22



SECONDARY PRODUCTION

DATA ANALYSTS

Data sets were analyzed using Statistical Package for Social
Sciences (SPSS, Nie et al. 1979) and Statgraphics (Statistica
G aphi cs corporation 1987) plotting routines. Parametric anal ysis
techni ques were used whenever possibl e because these nethods are
useful in summarizing the underlying structure of a body of data
(Andrews et al. 1971). Transformations to normalize data were
derived followi ng the techniques presented by Taylor (1965).
Statistical significance for all tests was chosen as p < 0.05.

BENTHOS
Methods

Three replicate dredge sanples were collected from three
el evational strata in each area. The three elevational strata
were classified as: frequently dewatered or shall ow (between full
pool and the 2,369-foot contour), occasionally dewatered or md
(between 2,368- and 2,287-foot contours), and pernanently wetted
or deep (below the 2,287 foot contour). Sanpl es were not
col l ected i n substrates exposed by drawdown.

Sanpling was perforned using a Peterson benthic dredge
egui pped with two auxillary weights and ventilation holes in the
top to mnimze shock waves. The dredge has an enpty weight of 93
pounds and a sanpling area of one square foot. A hydraulic w nch
spooled with |/4-inch aircraft cable | owered the dredge to sanple
depths determned by sonar. Sanples were transferred toseal abl e
buckets and brought back to the lab for analysis.

Bent hic sanpl es were wet-sieved using 56-, 0.85- and 0.52-mm
sieves. The material retained in the 0.52-mm sieve were brought
to the laboratory where all macroinvertebrates were picked from
the sanple and identified to order or class (D ptera and
A igocheatea). Samples were preserved in a formalin preservative
prior to fall 1986 and in a 95 percent ethanol solution after fal
1986. The nunber of each order or class was recorded. Densities
wer e expressed as nunber per square neter of reservoir bed by
el evational strata and geographic area.

As stated above, all ANOVA tests were perforned by averaging
thethreereplicates for each sanpl e aone and date and usi ng a | og
transformation to normalize the data

Results and Discussion

A total of 635 benthic sanples were collected between 1983 and
1987. forty-four percent of the sanples were taken in the Tenmle
area, 42 percent in the Rexford area, and 14 percent were
collected in the Canada area. Sanpling effort was evenly
di stributed among the drawdown zones; the shall ow zone conpri sed
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32.4 percent of the sanples, the md zone conprised 34.2 percent,
and the deep zone made up the remaining 33.4 percent.

Existing reservoir surface el evations on sanpling dates ranged
between 2,350 ft nmsl and full pool (2,459 ftnsl). Sanples
were collected from depths of 0.9 (3 ft) to 82 m (270 ft).

From 1983 to 1987, benthic invertebrate densities in the
shal low, mid and deen zones of %ibby Reservoir averaged 178.7,
569.9, and 1,099.8 organisms/m“, respectively (Table 8). The
densities of dipterans in Libby Reservoir were slightly higher
than in nearby §Ungry Horse Reservoir (May 1988), which averaged
337 dipterans/m<  WWhen conmpared to North Anerican reservoirs in
general, densities of dipterans in Libby Reservoir are low  For
exanpl e, Cowel |l and Hudson (1968) recorded 60, 620 chironomids/m2
in Iake Francis Case Reservoir in the Mssouri R ver system

Studies by Gimas (1961) on a Swedish | ake, and Peterka (1972)
on a non-fluctuating reservoir in North Dakota, show that benthos
densities generally decline fromthe littoral to the profunda
zone. The reverse pattern of abundance existed in Libby Reservoir
during spring and fall (1984-1987), as density of dipterans
declined fromthe profundal to the littoral zone (Figure 4). Qur
results are consistent with the findings of Kaster and Jacob
(1978) in Big Eau Pl eine Reservoir which al so experiences water
| evel fluctuations.

The exact nature of drawdown effects on benthos in Libby
Reservoir is unclear. Gimas (1961) and Fillion (1967) found the
great est abundance of benthos inmedi ately bel ow the drawdown
limt. Bet ween 1983 and 1987, the drawdown limt in Libby
Reservoir varied by 8.5 m In one year, 1983, the md zone was
not even partially dewatered. The deep zone of Libby Reservoir,
in which there was no dewatering during the study period, probably
serves as a refuge for dipteran larvae during the period of
drandown. Unexpl ai ned is why our data do not support a simlar
role for the md zone. In all years studied, the deep zone had
hi gher densities of dipterans in spring (March, April, My, June)
than the other two zones (Figure 5). During summer (July, August,
Septenber) the md zone had greater densities than the deep zone
(Figure 6). The reduced density in the deep zone fromspring to
summer is probably the result of |osses during the peak spring
energence fromthe deep zone and di spersal of |arvae fromthe deep
zone to the expanding md and shallow zones as the reservoir
fills. Many dipteran larvae, especially early instars,
denonstrate positive phototropism which allows efficient
col oni zation of advancing water margins (MlLacklan 1969, Qi ver
1971).

The shallow and md zones showed continuous increases from
spring through fall suggesting that those zones were being
colonized fromthe deep zone at a rate exceeding |osses from
emergence. Since the seasonal abundance patterns in the shallow
and md zones were so simlar, they both seemto be strongly
i nfluenced by col onization. Therefore, dipterans in Libby
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Table 8. Benthic invertebrate nmean densities for Libby Reservoir,
1983 t hr ough 1987.
Frequency D pt%ra Olig ot a
Year Area Wetted N/m Vari ance N/m Vari ance
1983 TENMILE shallow 39.4 270. 4 3.6 38.9
md 157.7 4,320.1 7.2 154.1
deep 311.8 29,954.3 50.2 1,193.4
(N) 9 9
REXFORD shallow 125.5 9,292.1 3.6 38.9
md 666. 7 231.1 182. 8 5,788.9
deep 2,132.6 1,626,936.4 276.0 11,248.1
(N) 8 8
CANADA  shal | ow 60.9 500. 4 75.3 10,513.0
(N) 3 3
1984 TENMILE shallow 130. 8 28,324.5 0.0 0.0
m d 473.1 178,296.1 159.5 45,443.4
deep 497.0 69,385.6 86.0 5,404.4
(N) 27 27
REXFORD shal | ow 107.5 18,869.6 0.0 0.0
md 534.0 166,581.2 250.9 99,298.7
deep 1,285.5 1,312,474.4 457.6  233,727.8
(N) 27 27
CANADA shal | ow 630.8 492,618.3 60.9 11,138.6
deep 659.5 52,782.7 953.4 668,836.2
(N) 6 6
1985 TENMILE shallow 138.7 29,586.1 14.2 1,965.3
m d 574.6 252,217.7 121.5 13,477.2
deep 463.7 107,895.5 239.7 80,245.0
(N) 73 73
REXFORD shallow 51.1 3,599.0 3.4 57.3
md 356.0 291,055.2 253.2 81,110.4
deep 438.3  169,386.7 748.6  297,353.9
(N) 66 66
CANADA shallow 106. 6 35,071.0 149.7 64,758.9
deep 61.0 5,069.6 227.6 46, 272.0
(N) 18 18
1986 TENMILE shallow 180. 2 22,062.0 1.0 31.6
m d 662. 4 324,285.8 201.1 25,503.9
deep 667.3  341,998.1 284.9 71,194.3
(N) 108 108
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Tabl e 8 (continued).

Frequency deteia Olig ot a
Year Area Wetted N/m Vari ance N/m Vari ance
REXFORD shallow 251.6  110,858.9 1.0 17.1
m d 259. 6 94,894.2 91.6 14,405.2
deep 687.5 168,577.2 1'393.3 1,321,982.4
(N) 101 101
CANADA shallow 138.1 32,232.7 123.2 72,920.8
deep 133.6 15,558.6 388.2 524,792.3
(N) 45 45
1987 TENMILE shallow 17.9 721.3 .9 9.7
md 223.9 22,372.9 83.7 9,743.5
deep 422.8 80,725.5 425. 6 150,290.7
(N) 54 54
REXFORD shallow 19.7 437.6 0.0 0.0
m d 241. 7 105,903.6 64.1 26,574.4
deep 671.1 350,797.3 609. 1 207,718.6
(N) 54 54
CANADA shallow 48. 4 682. 6 19.7 1,037.3
deep 59.2 4,058.5 43.0 5,086.5
(N) 12 12
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Reservoir do not seemto concentrate near the drandown limt as
dipterans in the reservoirs studied by Gims (1961) and Fillion
(1967). ldentification of chironomd larvae to genus and species
groups as planned for 1989 may further elucidate the effects of
drawdown by zone.

Diptera constituted the predomnant group in the benthic fauna
of each drawdown zone in Libby Reservoir. The shallow zone
contai ned the highest percentage of Diptera, conprising an average
of 84.17 percent of the total density for that zone, foll owed by
the m d drawdown zone whi ch averaged 73.99 percent, and the deep
zone which averaged 53.81 percent. Total nunber of Diptera
encountered in the sanpl es ranged fromzero to 278 organi sns with
an overall nean of 34.2 per sanple. Total nunber of Qigochaeta
in our sanples ranged from zero to 941 organi sns, buttheoverall
mean was 23.1 per sanple. An overall average of 69.9 percent of
all benthicinvertebrates sanpl ed were D ptera.

Overal | benthic densitie svaried among the study areas of the
reservoir, and were rel ated to the drawdown zone and the cl ass of
organism In the frequently dewatered or shallow zone, density of
Aigochaeta for 1983 through 1987 was statistically different
(F, 30=16.51, p<Q. 000 ). Miltiple conparisons (SNK) indicated
t hat 8anada bad a statistically higher mean density of O igochaeta
than the other areas of the reservoir. These conditions did not
exi st between the Rexford and Tenm | e areas.

Mai nt enance of the higher densities of Aigochaeta in
dewat ered drawdown zones can occur by the organismremaining in
the substrate or by rapid recolonization of Oigochaeta in early
summer when the zone is inundated. Recol onization is dependent on
the nature of the substrate (Kaster and Jacobi 1978), and possible
substrate differences (particle size, slope, proxinmty to water)
between Canada (which remains the nost riverine) and the other two
areas may account for thevarying abundance of Qigochaeta. In
Big Eau Pleine Reservoir, Wsconsin, benthos recol onized nore
rapidly and were of greater density i n substrates containing |arge
amounts of detritus or organic matter than in sandy substrates
(Kaster and Jacobi 1978).

Geater nutrient levels in the Canada area relative to the
Tenmile and Rexford areas nmay al so expl ai n the increased abundance
of Aigochaetes in Canada. Domi nance of oligochaetes in the
macr obent hos is typical of eutrophic waters (Beeton 1961, Thut
1969). A igochaetes generally increase in dom nance in the
bent hos during the processs of eutrophication (Wetzel 1975).

In the occasionally dewatered or md zone of the reservoir,
benthi c densities varied between the Tenm | e and Rexford areas.
(The Canada area was not deep enough to have a nmid zone-- 91- to
172-foot drawdown.) Overall benthic invertebrate density was
significantly greater in the Tennile area (Fy g775.327, p=0 (24).
G eater nunbers of Diptera accounted for the statistical
si gnificance (F1,66=7-905, p=0 Q065); nean density of Diptera
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(replicates averaged) in the Tenm|e area was 386.6/m2 versus
188.1/m“ in the Rexford area.

The permanently wetted or deep zone in the Rexford area
contained a higher density of Diptera and Oigochaeta than the
other two areas. Mean density (replicates averaged) of Diptera in
the Rexford area for 1983 through 1987 was 482.3 per square neter.
This value is significantly greater than those found i n the Ganada
area, but not in Tenml e.

Inthe permanent|ly wetted zone, Student-Neuman-Keuls nmultiple
range test indicated that Aigochaeta densities were significantly
greater in the Rexford area thanin the Tenm|e and Canada ar eas.
(F3,74=14.434, p<0.0001).

SURFACE MACROINVERTEBRATES
Methods

Macroi nvertebrates on the surface of the reservoir were
sanpl ed using a tapered net constructed of 3.17-mm nesh near the
mout h and 1.59-nmm nmesh in the mdsection that tapered to a 100- nm
di ameter collar. The mouth of the net was rectangular 1.0 m w de
by 0.3 mhigh. A renovable plastic bucket with a panel of 80-
m cronnitex netting was attached to the collar at the end of the
net. The net was towed so that it sanpled a |-mswath of the
reservoir's surface.

Three sites were sanpled biweekly or nonthly. Sanple sites
were sel ected randomy using established transects as starting
points. Each sanple site consisted of two sanpling runs, one
nearshore (less than 100 mfromshore) and one |imetic (greater
than 100 mfrom shore). Nearshore tows were made in a zig-zag
pattern along shore while |imetic tows were made in a direction
angl i ng away from shore.

Initially, surface tows were nade by towi ng the net for ten
mnutes at a constant speed of 1.0 m/sec. After July, 1985, this
method was sinplified by the use of a digital knotlog (Signet,
Model MK 267). This instrunent accurately measured the sanpling
di stance of 600 m

Al'l macroinvertebrates were renoved fromthe bucket and net
after each towand placed in a |abeled vial containing a fornmalin
preservative (prior to fall 1986) or in a 95 percent ethanol
solution (after fall 1986. Macroinvertebrates i n each sanpl e were
identified to order and counted in the |aboratory. Blotted wet
wei ghts were neasured in grans. Densities and bi omasses of
surface nacroi nvertebrates were expressed as number per hectare
and grams per hectare, respectively.
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Results and Discussion

Surface insect tows were perforned between 1983 and 1987.
There appeared to be very little consistency in insect densities
anong years or distance from shore, and variances were very high
(Table 9). A maxi mum density of over 1,950 terrestrial
invertebrates per hectare was attained in the nearshore zone of
the Tenmle area in 1985, a nore than 140-fold increase over the
m ni num val ue recorded i n the nearshore zone of the Rexford area
in 1983.

The yearly trend of surface invertebrate densitieswasupward
through 1985. A sharp decrease was experienced inl1986 and then
densities increased againin 1987. This was true for the Tenmle
and Rexford areas; conversely, the densities in Canada were
relatively high in 1983 and tended to decrease except in 1986 when
nunbers increased. Water levels were simlar in 1986 to other
years so there is no obvious explanation for the difference

Aquatic insect densities were generally lower than those of
terrestrial invertebrates but followed the same trends. Densities
ranged froma |low of 6.4/ha in 1983 in the nearshore zone of the
Rexford area to a high of greater than 200/ ha in the nearshore
zone of the Canada area in 1987. The |ower nunber of dipterans
caught does not parallel the nunbers that were seen on energence
traps. This difference may be due to difficulty of capture. The
smal | size of sone dipterans (Merrit and Cumm ns 1984; Qi ver
1971) and their habit of generally energing in darkness and flying
i mmedi atel y upon emergence (Mundie 1959) may al |l ow t he dipterans
to escape through the nesh or avoid capture.

Yearly trends in density for aquatic invertebrates were
simlar to those of the terrestrials. The densities of aquatic
invertebrates in the Tenmle and Rexford areas mrrored the
terrestrials during the study period, show ng increases through
1985 followed by a large decrease in 1986 and an increase through
1987. The density of terrestrial and aquatic invertebrates

decreased in the Canada area from 1983 to 1984, but increased from
1985t 0 1987.

The densities of nacroinvertebrates captured in the nearshore
zone were not consistent with those in the [immetic zone.
Al t hough the highest nunber of terrestrials were generally
captured near shore, variances were so high that the difference
was not statistically significant (Fy -g9 = 0.2290, p = .6324),
and in several instances, higher denéﬁles were found in the
limetic zone (Table 9). Wnd, water currents, and wave action
are the likely reasons for the density differences between the two
Zones.

A pattern appeared when densities of invertebrates were
conpared anong areas. It was found that terrestrial nunbers were

general ly |ower and aquatic nunbers were ?enerally higher in the
Rexford area than in the Tennil e area. his was true on both a
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Table 9. Mean densities of surface invert&ate for Libby Reservoir,

1983 through 1987.
Nearshore ~— Terrestrial Aquatic _
Year Area or Limmetic no./ha Variance no./ha Variance
1983 Temmile Nearshore 47.9 4294. 2 9.3 253.4
Limnetic 158.5 186330. 3 10.9 184.2
(N) 30 30
Rexford Nearshore 13.9 241.1 6.4 90.1
Li metic 40.0 1973.7 10.8 260.7
(N) 24 24
Canada Nearshore 227.0 296361. 1 62. 6 9969. 7
Li metic 29.8 2462. 2 15.7 543.5
(N) 17 17
1984 Termile Nearshore 229.2 256183. 9 54.3 10181.9
Limnetic 114.1 114143.1 52.0 30139.5
(N) 82 82
Rexford Nearshore 94.5 46097. 0 80.0 42940. 3
Li metic 95.3 91361.9 158.6  241182.3
(N) 82 82
Canada  Nearshore 73.9 9537.0 29.2 1323. 8
Li metic 73.9 16789. 8 18.3 543.7
(N) 52 52
1985 Temmile Nearshore 1958.8  74044304.2 145.1 89467. 2
Limnetic 1219.9  28544442.8 64.6 27258. 7
(N) 76 76
Rexford N- or e 184.5 138104. 1 167.8  380333.6
Li metic 189.0 151679. 2 114.2  107471.7
(N) 74 74
Canada Nearshore 95.7 28799. 6 42.0 3135.8
Li metic 69.1 19928.7 38.6 7833.8
(N) 60 60
1986 Temmile Nearshore 60. 6 16605. 8 59.5 20476.0
Li metic 51.2 28616. 4 32.1 11200. 8
(N) 88 88
Rexford Nearshore 84.0 51913. 8 73.4 83792. 3
Li metic 32.1 2199.6 68.5 64725. 8
(N) 90 90
Canada Nearshore 179.9 480142.5 70.0 23243.7
Limnetic 386.9 3570524. 4 59. 4 27163. 9
(N) 54 54
1987 Termile Nearshore 765.5 4567614.7 141.1 42079. 1
Li metic 429. 4 579915.1 138.5 73500. 5
(N) 36 36
Rexford Nearshore 122.7 34457. 5 140.3  107314.1
Li metic 68. 8 8458. 8 85.6 16789. 8
(N) 36 36
Canada  Nearshore 321.0 636969. 2 201.1  118552.4
Li metic 49. 4 5686. 3 51.1 6905. 9
(N) 18 18
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yearly and nonthly basis (Table 9 and Appendi x C, Tables C
C18).

A possible reason for the Tenm | e area containing higher
nunbers of terrestrial invertebrates involves the norphol ogy of
t he reservoir. The banks of the Tenmle area are generally narrow
and steep. In contrast, much of the Rexford area is w der and
shal l oner than the Tennile area, and contains |arge areas of bays
and shal |l ow water. Therefore, when reservoir levels are |owered
| arge expanses of barren ground are exposed, increasing the
distance from water to shoreline vegetation. Norlin (1967)
suggested that barren ground facilitates rising thermal air
currents that inpede trasport of airborn insects over a body of
wat er The effect in the Tenmle area woul dnotbe as pronounced
since there is less barren ground and the vegetation is closer to
the water.

The reason for greater aquatic invert&ate densities in the
Rexford area is likely two-fold. First, the substrate conposition
in the Rexford area nmay be nore conducive to dipteran production,
which is consistent with results of the benthic sanpling.
Densities of dipteran |arvae are greater in the permanently wetted
zone of the Rexford area than in any Tenm | e zone. Secondly, at
full pool and during drawdown there renmins |arge areas of
relatively shallow water in the Rexford area. This leads to a
greater anmount of bottom that is euphotic, and hence nore
productive. Welch et al. (1988) found that dipteran energence
increased Wi t h increased primary production. Reservoir norphol ogy
in the Tenm |l e area |acks the positive conponents for dipteran
product i ont hatarepresent in the Rexford area

Al areas were simlar with respect to types of invertebrates
caught and nonthly patterns of capture. The density of indivi dual
invertebrate types, in decreasing order, were Hynenoptera, aquatic
D ptera, Honoptera, Coleoptera, Hem ptera, and Arachnida

Wien viewed nonthly, major peaks in densities did not coincide
for terrestrials and aquatics. In general, terrestrials renained
at relatively low densities through July and then peaked abruptly
in August. After August, nunbers decreased agai n but renai ned at
hi gher | evels than nonths previous to July (Figure 7). Aquatic
invertebrate densities peaked in April and May and then to a
| esser extent again in August (Figure 8).

I ndi vidual invertebrate types varied anong nont hs. Aquatic
di pterans peaked earliest. They conprised approxinmately 55 and 65
percent of the total invertebrate drift in April and may,
respectively. Surface deposition of Col eoptera was greatest in
early summer, peaking in June ad conprising about 31 percent of
the total input. I nput of Hynenoptera (primarily ants) was
greatest i n August when they conprised al nost 45 percent of the
total input of surface filminvertebrates. Hem ptera and to a
| esser extent Arachnida were inportant from Septenber through
Novenber . Honoptera (nostly | eaf hoppers) were consistently
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i mportant fromJuly through Novenber, conprising about 30 percent
of the total input of invertebrates for those nonths.

Bi omass of surface invertebrates followed the same trends as
t hose shown for density (Table 10 and Appendix C, Tables A9 -
C36). Tenmle tended to have the greatest terrestrial bionass
while Rexford had the greatest aquatic biomass. Terrestrial
bi onass was greater than 61 percent of total biomass for all
nont hs except April and May (56 percent and 43 percent,
respectively) and was as high as 98 percent. Two peaks in bionass
occurred (Appendix C, Tables A9 - C36). One occurred in April
and May and was fuel ed by the large (ol eoptera that were capt ured.
The second peak was seen in August and contai ned the Hynenopt era
that was discussed earlier.
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Tabl e 10. Mean bionmasses of surface invertebrates for Libby
Reservoir, 1983 through 1987.

Nearshore Terrestrial ) Aquatic _
Year Area or Limetic g/ha Vari ance g/ha Vari ance
1983 Termile Nearshore 1. 480 26. 246 0. 033 0. 004
Li metic 0. 662 1.874 0.043 0.016
(N) 30 30
Rexford N- or e 0. 206 0.210 0. 002 0. 000
Li metic 1.132 7.973 0.034 0. 007
(N) 24 24
Canada Nearshore 0.821 0.925 0. 456 0.924
Li metic 0.396 0.504 0.326 0.855
(M) 17 17
1984 Termile Nearshore 1. 155 5.712 0.284 0.618
Li metic 0. 596 1. 757 0.276 0. 860
(N) 82 82
Rexford Nearshore 0.610 1.274 0. 209 0. 355
Li metic 0.351 0.813 0.598 3.777
(N) 82 82
Canada  Nearshore 0.592 0.898 0. 362 0. 402
Limnetic 0. 266 0. 336 0.093 0.042
(N) 52 52
1985 Termile Nearshore 5.199 188. 003 0.316 0.330
Limnetic 3.548 133. 909 0.124 0. 098
(N) 76 76
Rexford Near-shore 1.123 3.804 0.791 5.938
Li metic 0. 760 1. 056 0.341 1.208
(N) 74 74
Canada Near shore 0.480 0. 556 0.226 0. 697
Li metic 0.203 0.107 0.062 0.014
(N) 60 60
1986 Termile Nearshore 0.832 2. 758 0.122 0.074
Li metic 0. 666 7.547 0.039 0.017
(N) 88 88
Rexford Nearshore 2. 146 45. 579 0.142 0.204
Li metic 0. 952 0.102 0.159 0.014
(N) 45
Canada  Nearshore 0.420 0.822 0. 069 0. 066
Li metic 0.411 1.639 0.093 0.120
(N) 54 54
1987 Temmile Nearshore 3.896 41.472 0.072 0.011
Li metic 3. 365 71.319 0. 054 0.013
(N) 36 36
Rexford Nearshore 0.728 1. 466 0.189 0.236
Linnetic 0. 357 0.283 0.137 0. 065
(N) 36 36
Canada Nearshore 1. 364 3.562 0. 057 0. 009
Li metic 0.441 0. 845 0.016 0. 001
(N) 18 18
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AQUATIC INSECT EMERGENCE
Methods

I nsect energence was determned at the Tennmile area of Li bby
Reservoir. Four replicate sanples were collected weekly when
possible for each of the three determ ned elevational strata
(frequently dewatered or shallow, occasionally dewatered or nid,
and permanently wetted or deep).

Sanmpl i ng was acconplished using a |-msquare energence trap
(Figure 9) constructed of I/16-inch acrylic (May et al. 1988).
Floatation of the trap was acconplished with styrofoamstrips that
were fastened to the bottom of the trap. Four traps were
pernanent |y anchored at each strata and rope was added or renoved
topreventthem from sinking or floating intoanadjacentstratum
as water |evels raised or dropped.

Vents were cut into the sides of the trap and the catch basin
to reduce condensation that m ght inpede novenent of an emerging
insect. The holes were covered with 120-um cloth to prevent
escape of the insects. Autonotive antifreeze was used as a
preservative for the traps in the field to preven dessication
during the hot months and freezing during the cold nonths. Each
week al | traps were checked and their contents removed.  Sanpl es
were then placed in a formalin preservative (prior to fall 1986)
or in a 95 percent ethanol solution (after fall 1986) and
transferred to the lab for analysis.

Sanpl es were separated by order (Diptera, other) in the |ab
and their numbers and dry weights recorded for each of the strata.
Densities were expressed as number per square neter and weights as
grans per square neter of reservoir by elevational area

Results and Di scussi on

D pteran energence was sanpl ed between June and Decenber,
1986, and between April and Cctober, 1987. Emerging insects were
al most exclusively dipterans; other types of invertebrates were
identifiedin only two of the 376 sanpl es. Energence of dipterans
differed by year, by drawdown zone, and by season

In both years, the shallow and m d zones had consi derably
hi gher densities and total nunbers of energing insects than did
the deep zone (Table 11). 1In_1986, the highest density was found
in the shal l ow zone (18/'m2/wk), followed by the nmid zone
(11/m“/wk) and t he deep zone (3/ff/wk). In 1987, the md zone had
the highest density foll owed by the shallow zone and the deep zone
(68, 52 and“84%%V/wk,respectively). Statistical conparison of
total yearly densities or nunbers betweenl986 and 1987 was not
attenpted because of the differences in sanpling tines.

The monthly trends in emergence were fairly sinmlar between

years (Table 12). In 1986, peak enmergence was in June in the
shallow and md zones with the md zone having the greatest
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Figure 9. Enmergence trap. FromMy et al. 1988.
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Table 11. Mean density (no./m?‘/wk.) and total number of energing
insects by year and zone in the Tennile area of Libby

Reservoir, June through Decenber, 1986, and April
t hr ough Cct ober, 1987.

1986 1987
Density Densi;
no./m% Tot al no./m Tot al
Zone week nunber (N) zone week number (N
Shal low 18 1390 77 Shal low 52 4079 79
Md 11 657 61 Md 68' 5039 52
Deep 3 54 18 Deep 34 2309 34
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Table 12. Monthly mean densities (no./n?/vvk.) of energing dipterans in

the three elevational strata of the Tenmle area of Libby

Reservoir, 1986-1987. gSanple size is indicated in

par ent hesi s.

Mxth
Zre Krx May Jun Jul AYg Sep ot Nov Dec
1986
Mean
aurface
tarp. - — 17.5 20.2 20.8 16.4 8.8 0.0 0.0
Res.
eev. — — 2456 2458 2458 2452 2433 2398 2398
- - 44(2) 7(16) 37(20) 24(16) 4(19) 0(2) 0(2)
Md — — 108(2) 11(16) 8(13) 9(14) 2(13) 0(2) 0(2)
Dep — — — _ 4(4) 4(2) 39)  0(2) 0(1)
1987

Meen
arfae
tap. 1.5 4.7 8.8 14.1 15.5 18.3 12.0 — —
Res.
elev. 2366 2410 2445 2458 2457 2452 2437 — —
Shallow 112(4) 78(12) 26(15) 61(16) 36(16) 47(16) —
Md  8(4) 125(23) 143(10)  23(13) 15(7) 34(5) 11(6) — —
Dep 21(5) 87(15) 61(12) 3(6) 3(6) 5(10) 7(10)
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density of energers (108/m2/ka After June, energence decreased
and remained lowin the md zone. In the shallow zone, energence
i ncreased significantly (£, 5,=26.002, p<.001) in August and
Septenber over the July levels; this trend is also suppor t edby
surface invertebrate towdata. Densities then decreased to |ittle
or nothing for the rest of the year, with no energers captured in
November or December. Sanpling in the deep zone did Ecn begi n
until August, and densities were consistently [ow (0-4/m*/ In

1987, shallow zone densities peaked in My (112/n¥/wk), dropped

in June and July, and then increased again in August. Md zone
densities peaked in June (143/nf/wk) and decreased through the
rest of the year. Rates of emergence in the deep zone was |ess
than in the other two zones, although B had high rates of
energence in May and June (87 and 61/ m</wk, respectively).

Vrmer water tenperatures in the shallow zone relative to the
other zones may account for the high rates of energence there.
Aiver (1971) stated that |arvae mature faster in warmer water.
I'n Libby Reservoir, this means there is potential for a continued
supply of dipterans throughout the warmer nonths when water is
available. But it is also probable that the full potential ofthe
shal l ow zone will never be realized due to water |evel
fluctuations which result in a reduction in wetted substrate
during the peak emergence tines.

The high rates of energence in May 1987 in the shall ow zone
were not expected, because of the short interval between the tine
this zone was wetted and the high rates of energence. Possible
explanations for this include: bi- or nulti-voltine species with
short life cycles that laid eggs in this zone as soon as it becane
wetted: eggs or larvae that overwintered in the shallow zone that
hat ched or natured i mredi atel y upon wetting (The phenonmenon of
over-wi ntering has been docunented by Danell 1981, Merritt and
Cumm ns 1984, Paterson and Fernando 1969); wi nd, wave or current
action forceing energing pupae into the shoreline or energing
pupae actively seeking warner water in which to emerge, To nore
fully understand the true mechanisns affecting the shallow zone
energence patterns, species or genus identification is essential
sothat life histories and mergence patterns can be ascert ai ned.

The trends of densities with respect to the depth zones do not
necessarily follow the trends suggested by benthic sanpling. As
was stated in the benthos section, the deep zone had the highest
number of dipterans and the md zone was second. The trends are
reversed for captures in the energence traps. There are severa
possi bl e explanations for this. First, sanpling may have been
bi ased by wind and wave action around the traps and currents under
the surface, resulting in insects of one zone energing fromthe
surface in another zone and biasing sanple nunbers. Second, the
| arge number of benthic dipterans in the deep zone may be serving
as a pool for the md and shallow zone, and are recol oni zing the
shal | ower depths (as either eggs or larvae) as water tenperatures
warm Third, the shallow zone may supoprt nore nulti-voltine
species, resulting in relatively greater energence as conpared to
the deeper zones.
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ZOOPLANKTON
Methods

Three 30-m (or the entire water colum whendepth was | ess
than 30 m) vertical plankton tows were made biweekly from Apri
t hrough Cctober and nonthly from Novenber through April in each
geographic area of the reservoir. A 0.3-mdianeter Wsconsin
pl ankton net was used for all tows. One tow was nade at the
per manent sanpling buoy and two tows were made at randomy
selected points on established transects in each area.

A plankton trap simlar to that described by Schindler (1969)
was used nonthly to sanple the vertical plankton distribution at
per nanent sanpl e buoys i n each geographic area. The trap sanpl ed
a 28.1-liter volune of water and each sanpling series consisted of
nine discrete sanples collected at the surface, 3, 6, 9, 12, 15,
20, 25 and 30 m

Al zoopl ankton sanpl es were preserved in a solution of water
met hyl al cohol, formalin and acetic acid from Septenber 1983
t hrough Novenber 1986 and in 95 percent ethyl alcohol from
Decenber 1986 to the present. A conparison of zoopl ankton |engths
was perforned on 20 subsanpl es fromthe Decenber 1986 series, hal f
preserved in formalin and half preserved wi th al cohol, to
docunment the effect of this preservative change.

Vertical tow sanples were diluted in the |aboratory to a
density of about 20-25 organisns/m. Zoopl ankton were enunerated
and identified to genus in each of five subsanples (5 m) taken
fromthe solution. Subsanples were averaged to estimte densities
(nunber per liter) of zooplankton. Schindler trap sanples were
counted inentirety, and all zoopl ankton were identified to genus
For both nethods, carapace |engths of individual planktors were
measured; for vertical tows, all individuals were neasured from
one random y chosen subsanple; for Schindler sanples, up to 20
i ndi vidual s were neasured fromeach sanple. Carapace |length data
were segregated into 0.5-mm |l ength groups for each genus and each
group was averaged Bionmass of zooplankton was estimated using
the | ength-weight relationship described by Shepard (1985).

To determne if statistical differences in zooplankton
abundances exi sted between thereservoir study areas or within the
years of the study, the Kruskal-Wallis nonparametric anal ysis of
variance test and nonparanetric Tukey-type nultiple conparisons
were applied (Zar 1984). Conparisons were performed after the
Kruskal -\l lis test reveal ed differences existed at the 0.05 |evel
of significance. Replicates collected on each sanple date were
averaged within each study area for the statistical analysis.
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Results and Discussion
Horizontal Distribution

From Sept ember 1983 through Septenber 1987, 434 vertica
pl ankton tows were collected from Li bby Reservoir. Surface
tenperatures ranged between 6 and 24.8°C during the sanpling
peri od. Sanpl i ng occurred when reservoir elevations ranged
bet ween 2,342 ft above nsl (117-foot drawdown) and full poo
(2,459 ft).

Irving (1987) identified el even species of macro-zoopl ankton
in Libby Reservoir during 1977 and 1978 (Table 13) and it is
likely that these are the species currently present in Libby
Reservoir. The nost abundant species he encountered were Daphnia
schodleri, Di aptonmus tyrrelli, and Cycl ops bi cuspi dat us thonasi

There were four main genera of zooplankton identifiedin Libby
Reservoir during this study: Bosm na, Cyclops, D aptonus, and
Daphnia. The reservoir also contained [1mted nunbers of the
| arger zoopl ankton, Epishura and Leptodora, which generally
conprised | ess than one percent of the zooplankton comunity.

The copepods, Diaptonus and Cyclops, conprised the greatest
portion of zooplankton sanpled in the reservoir: conbined they
acounted for 67.5 to 77.7 percentofthe zoopl ankton popul ati on
from 1983 through 1987 (Table 14). d adoceran densities,
particularly Bosmina, varied greatly during the five years of
sanpling. In 1984 and 1985, Bosnina conprised 9.3 percent and 6.7
percent of the zooplankton population, respectively, while in 1983
and 1986, Bosmi na accounted for 1.1 percent and 0.4 percent,
respectively.

The apparent changes i n the zoopl ankton community structure,
especially the increase in inportance of Bosmina in 1984 and 1985,
may be related to the kokanee popul ation cycle. \When Bosnina were
at their highest abundance during the study period, densities of
kokanee were at their peak. Because kokanee apﬂarently prefer
Daphni a, a change in this conpeting species nay have favored an
increase in the snmaller, less utilized (by kokanee) Bosm na.
Hrbacek (1962), and Brooks and Dodson (1965) clearly denonstrated
that predation plays a domi nant role in maintaining plankton
comunity structure Hall et al. (1970) concluded that vertebrate
and invertebrate predation had profound effects on the diversity
and size distribution of zooplankton, but only affected production
at low nutrient levels. Kerfoot (1974) also stated a simlar
rel ati onship between the abundance of Daphnia and snaller
O ad-, Bosmina and Ceriodaphnia, in explaining the m crof ossi
record of Frains Lake, M chigan.

Zoopl ankton popul ations in Libby Reservoir exhibit typica
patterns found in nost tenperate |akes and reservoirs (Wt zel
1975),  wi th maxi nunabundance in the spring and early sumer, a
decline throughout the sumer and a slight increase in the fal
(Figure 10). Daphni a abundanceswere greatest in the Canada area
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Table 13. Zoopl anktonidentified in water sanples collected from
Li bby Reservoir, Mntana, 1977 and 1978 (From Irving

1987).

CGenera Genera

Speci es Speci es
Al ona sp Daphni a
Bosnina | ongirostris schodl eri

gal eat a nendot ae

Cant hocanpt us robert cokeri thorata
Chydor us sphaeri cus Di aptonus tyrelli
t homasi Cycl opsbi cuspi dat us Epi schura nevadensi s

Leptodora kindtii
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Table 14. Percent conposition of major zoopl ankton genera present
in Libby Reservoir, 1983 through 1987.

1983 1984 1985 1986 1987
Daphni a 21.1 22.9 18.1 25.3 20.3
Di apt onus 37.1 15.1 28.9 31.5 19.6
Cyclops 40.6 52.4 46. 1 42.5 55.1
Bosmina 1.1 9.3 6.7 0.4 4.9
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for all years sanpled, with the exception of 1984 when a February
sampl e taken in the Tenm| e area contained 4.57 Daphnia per liter
(Appendix D, Tables D through D18). Peak nean densities of
Daphni a ranged between 4.31 and 10.47/1 in the Canada area, 1.03
to 7.35/1 in the Rexford area, and 1.63 to 4.76/1 in the Tenmle
area for the five years of sanpling (ibid). In general, Daphnia
densities peaked during May or June for all three areas, Cyclops
densities peaked during April through June, and Di_aptonus
densities peaked in the fall, from Septenber through Novenber
(Appendi x D, Tables D through D18).

Zoopl ankt on densities varied by area and year: statistica

di fferences appeared dependent on the genera of zoopl ankton.
Daphnia and Diaptonus densities were statistically greater in the
Canada area than the Tennmile area, but only Daphnia densities were
greater in the Canada area than in the Rexford area (Table 15).
Geater nutrient input, faster spring warmup and | ess kokanee
predation in the Canada area relative to the other areas may
account for the difference. Water tenperature, changing food
conditions, and increased activity or abundance of predators were
listed by Threl keld (1979) as a hypothesis to explain Daphnia
seasonal ity.

Overal | Daphnia densities statistically differed between
areas, but not between years. Bosnina, D aptomus, Cyclops, and
Epi shura densities did vary through the years of sanpling,
however, as indicated in Table 15. Bosm na densities were highly
variable, with all but years 1984 and 1985, 1983 and 1987, and
1985 and 1987 differing fromeach other. For Diaptonus, 1984 was
the only year that differed fron the rest; densities were |lower in
1984 than all other years except 1987. Cyclops densities differed
in 1983 and 1985 with densities in 1983 being the | owest of al
years, all other year conbinations were statistically simlar
Because the sanpling year in 1983 began in Septenber (the project
was first funded in May 1983), the large peak in Cyclops densities
typically seen in May (Figure 10) was not detected. This bias
probably accounts for the majority of the variation between 1983
and 1985.

Wiile overal | Daphnia densities did not statistically vary by
year, the percent conposition of Daphnia size classes did
fluctuate (Figure 11). Notched box and whisker plots of the
percent Daphnia in the 0.5- to 0.99-nm and 1.5- to |.99-mm si ze
class are presented in Appendix E, Figure Eland E2. The notches
provi deanapproxi mate 95 percent test of the null hypothesis that
the true nedians are equal (Chanbers et al. 1983). Fromthe plots
it is apparent that the percent of small (0.5 to 0.99 nm) Daphnia
was greatest in 1984 and 1985, when kokanee numbers were at their
peak, and the |owest percent of large (1.5 to 1.99 nm) _Daphnia
al so occured during 1984 and 1985. The inplication is that
kokanee are exerting size-selective pressure on the Daphnia
popul ati on. G her authors have found size-selective fish
predation as a major influence on zooplankton community structure
(Werner and Hall 1974, zaret and Kerfoot 1975, Lynch 1979).
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Tabl e 15.

Non paranetric Tukey-type multiple conparisons for
total zooplankton, Daphnia, and Diaptonus densities by
study area and year. Between-area differences are
i ndi catedby different nunbers: nore than one nunber
indicates simlarity to both groups.

Area Tot al Zoopl ankt on Daphni a D apt onus
Tennil e 1,2 1 1
Rexford 1 1 1,2
Canada 2 2 2
Tota

Year Zoopl ankton  Bosm na Diaptomus Cycl ops Epischura
1983 1 1,2 1 1 1,2
1984 1,2 3 2 1,2 1
1985 2 3,4 1 2 2
1986 1,2 2 1 1,2 1
1987 1,2 1,4 1,2 1,2 1
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Results of our conparison of formalin-preserved zoopl ankton
sanmpl es versus ethanol -preserved zoopl ankton sanples indicated
that no significant differences in nean length occurred (Table
16). Avery slight difference in mean | ength of Daphnia existed:
the Daphnia preserved in the formalin measured an average of
1.09 nm while the Daphnia preserved in ethanol measured |.05 mm
This difference is felt to be negligible; however, further
shrinkage may occur if sanples are not processed within 3.5
nont hs and this shoul d be recogni zed.

Vertical Distribution

From Sept enber 1983 t hrough Sept enber 1987, 920 Schindler trap
sanpl es were collected from Libby Reservoir. In addition, 216
Schindler trap sanples were collected as part of a 48-hour diel
series, in which the plankton (0- to 30-m depths) and water
quality profile (0- to 48-mdepths) in the Rexford area were
moni t ored every two hours on July 20 through July 22, 1986

The follow ng discussion refers to the tables supplied in
Appendi x F. Al species of zooplankton in Libby Reservoir
exhibited sonme level of varying vertical distribution throughout
the year. Cenerally, during the spring and summer nonths, depths
from 12 to 30 m contained the |owest densities of each type of
zoopl ankton and the 3- to 6-m depths contained the highest
densities. Between (ctober and March, densities at depth becane
nmore uni formthrought the water colum. In all cases during the
May through Septenber period, densities found between t he surface
and 12 m were greater than densities found below 12 m

The seasonal pattern of vertical distribution of Daphnia is
presented in Figure 12. Shifts in the vertical distribution of
zoopl ankton in Libby Reservoir detected by our daytime sanpling
are likely due to changes in water tenperature and the depth of
t he euphotic zone and therefore availability of food. The
relatively shallow depths (0 - 9 m) that zoopl ankton in Libby
Reservoir seem to occupy during a najority of the spring and
sumer period may be a reflection of the annual turbidity cycle
the reservoir experiences with refill. Zettler and Carter (1986)
docurment ed that many zoopl ankton species in Lake Tem skani ng,
Ont ari o- Quebec, displayed sonmewhat higher m dday vertica
distributions in turbid than in clear waters.

Daphni a exhibited a slight diel vertical mgration pattern in
the Rexford area during the sumer of 1986 (Figure 13). A greater
percentage of the Daphnia were found at the shallower depths (O 6
m during late night and early norning hours than during daylight
hours. The effect was nost pronounced in the surface waters where
20 to 30 percent of the Daphnia were found during late night-early
morning periods, but O to 10 percent were found during m d-
afternoon periods. Daphnia densities were generally greatest at
the 3-, 6-, and 9-mdepths and densities fromthe 12- to 30-m
depths were conparatively low and did not differ statistically.
Daphni a apparently nmigrated to the surface during the late night
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Table 16. Conparison of zoopl anktonl engths in sanples preserved
with formalin and with 95 percent ethanol. Sanples
were collected at the Tennmile area on Decenber 18, 1986
and anal yzed on March 30 and 31, 1987. Data is
presented by nunbber / nean length / standard devi ati on.
Sub- Formalin
sample Daphnia Cycl ops Diaptomus Epischura
1 11/1.00/.31 27/.32/.06 4/.39/.09 2/1.28/.04
2 7/1.14/.10 35/.33/.08 12/.70/.77 - -
3 6/1.28/.30 32/.35/.09 12/.65/.27 1/1.35/.00
4 7/1.04/.18 30/.34/.06 14/.53/.24 - -
5 6/1.23/.12 37/.36/.10 11/.73/.29 - -
6 4/0.85/.30 39/.34/.08 8/.81/.26 - -
7 7/1.06/.30 29/.39/.12 11/.71/.28 - -
8 7/1.09/.34 33/.36/.09 14/.70/.29 - -
9 8/1.05/.30 38/.34/.08 10/.56/.24 - -
10 2/1.30/.21 26/.33/.07 6/.87/.23 - -
TOTAL 65/1.09/.27 326/.35/.09 102/.67/.27 3/1.30/.05
Et hanol
1 10/1.08/.27 26/.38/.10 12/.66/.27 - -
2 12/1.10/.29 26/.37/.09 10/.82/.26 1/1.50/1
3 11/1.18/.17 32/.35/.09 11/.84/.25 - -
4 12/1.01/.28 37/.37 .08 12/.45/.12 - -
5 12/ .99/.22 34/.35/.07 6/.71/.25 - -
6 14/ .97/.28 26/.33/.10 14/.87/.26 1/1.30/1
7 9/1.07/.22 34/.35/.09 12/.66/.24 - -
8 12/1.00/.28 34/.36/.10 13/.60/.26 - -
9 9/1.09/.30 34/.34/.09 12/.47/.24 1/1.45/1
10 12/1.07/.28 26/.35/.08 9/.78/.26 - -
TOTAL 113/1.05/.26 314/.35/.09 111/.68/.28 3/1.42/.10
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and early norning hours. Euphotic zone depth ranged from2 to 10
nmat the tine of sanpling. Water tenperature averaged 10 Cat 30
m 160 C at 10 mand 200C at the surface.

Three explanations for vertical mgration of Daphnia are
avoi dance of sight feeding predators during daylight hours (Zaret
and Suffern 1976), growth maxi m zation by nmoving to cooler waters
after feeding (the energetic or denmographi ¢ hypot hesi s proposed by
McLaren [1974]), and mgration timed to crop the daily peak of
primary production (Enright 1977). Each of these hypothese coul d
be applied to explain the diel mgration of Daphnia illustrated in
Figure 13. The increase in density at a depth of 3 mat 11: 00 am
was noted on both sanpling days and nay be an attenpt to take
advantage of the photosynthetic peak The increase in density at
9 mduring the 7:00 pmaanpling occurred when surface tenperatures
were 240C and the temperature at 9 mwas 160C.  Qcutt and Porter
(1983) concluded that maxi num fitness is achieved by Daphnia
remai ning at the warnest surface waters atalltines, refuting
McLaren's (1974) hypothesis. Conclusions as to the mechani sm
involved in Daphnia diel vertical mgrations at Libby Reservoir
are not possible, based on our sanmpling nmethods. However, this
type of data has inportant inplications, particularly when
interpreting or applying zoopl anktondata sets to damoperati on.
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TERTTARY PRODUCTICON

F 1 S H -
Methods

Rai nbow and cutthroat trout field identifications were based
on scale size, presence of basibranchial teeth, spotting pattern
and presence of a red slash on each side of the jaw al ong the
dentary. W& recognize the difficulty in distinguishing between
rainbow, cutthroat and their hybrid using norphonetric
characteristics as reported by Leary et al. (1983), and where
appropriate have grouped the two speci es.

Abbrevi ati ons used throughout this report for the various
species of Libby Reservoir are as follows: rainbow trout (RB),
west sl ope cutthroat trout (WT), rai nbowx cutthroat hybrids (HB),
bul | trout (DV), kokanee sal non (KKX), mountain whitefish (MAF),
burbot (LING, peanmouth (CRC), northern sguawfish (NSQ, redside
shiner(RSS), |argescale sucker(CSU, |ongnose sucker(FSU), and
yel | ow perch (YP).

Seasons

The year was stratified into four seasons based on reservoir
operation and surface water tenperature criteria for gillnetting:

1) Wnter (January -March), the reservoir was being drawn
down, surface water tenperatures dropped bel ow 8CC,

2) Spring (April - June), the reservoir was refilled,
surface water tenperatures increased to 9 - 13Cx;

3) Sunmmer (July- Septenber), the reservoir was held at full
pool, surface water tenperatures increased to above 17Cc
and;

4) Fal | (Cctober - Decenber), drafting of the reservoir
began, surface water tenperature dropped to 13 - 90C

Nearshore Zone Fish Abundance

Seasonal and annual changes in fish abundance within the
nearshore zone were assessed using floating and sinking horizontal
gill nets. These nets were 38.1-mlong and 1.8-m deep and
consi sted of five equal panels of 19-, 25-, 32-, 38-, and 51-nm
nesh.

One to seven "double-floating" (two ntes tied together end to
end) and two sinking gill nets were set in the spring and fall.
Nets were set perpendicular fromthe shoreline just before sunset
and were retrieved shortly after sunrise. Al fish were renoved
fromthe nets,. and species, |length, weight, sex and state of
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maturity were recorded. Scales, stomach sanples and a linited
nunber of otoliths were collected for age and growth anal ysis.

A spring sinking and fall floating gillnetting series have
been used by the MDPWP since 1975 to assess annual trends in fish
abundance. These yearly sanpling series were continued using
criteria established by Huston et al. (1984). Nunmbers of fish
caught per net between 1975 and 1982 were conparedby Hustonet
al. (1984) by the Kruskal -Vl lis ranking test, and were used in
this report. CGatch rates during the period from1983 t hr ough1987
were log transformed and tested for significant differences at the
five percent level using analysis of variance

Limnetic Zone Fish Abundance

Vertical gill nets were used to assess the relative abundance
and depth distribution of fish species in the limetic zone of
each area. An overnight set of four 45.7-mdeep by 3.7-mw de
vertical gill nets of nesh sizes 19, 25, 32 and 38 nm was nade
nmonthly in each area. Each net was marked at |-mintervals. As
the vertical nets were retrieved, fish were renoved and depth of
capture, species, length, weight, sex, and state of maturity were
recorded, and scale sanples and fish stomachs were collected.
Rel ative abundance of the various fish species in the |imetic and

nearshore zones were conpared using vertical and horizontal
gi I I nettingdat a.

Results and Discussion
Nearshore Zone

In the period 1983 to 1987, 742 floating and 198 sinking gil
nets were set, capturing 28,228 and 11, 364 fish, respectively. A
total of 13 species of fish were captured, three of which
represented over 70 percent of the catch on nost sanpling dates.

Not abl e changes in the assenblage of fish species in Libby
Reservoir have occurred since inpoundnent in 1972. Two new
speci es, kokanee and yel | ow perch, are present that did not occur
in the Kootenai R ver prior to inpoundnent. Kokaneewer erel eased
into the reservoir fromthe Kootenay Trout Hatchery in British
Col unbia, and yellow perch may have dispersed into the reservoir
from Murphy Lake (Huston et al. 1984). Peanouth and northern
squawf i shwererare in the Kootenai R ver before inpoundnent, but
have increased in abundance in the reservoir. Muntain whitefish,
rainbow trout, westslope cutthroat trout and redsi de shiner were
all comon in the Kootenai R ver before inpoundnent but have
decreased i n abundance since inpoundment. Two predacious species
bul | trout and burbot, were uncomon in the Kootenai River before
i npoundment, and subsequent gill net catches show no clear
popul ation trends. More detailed descriptions of changes in gill
net catches since 1972 are given bel ow.
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Peamouth

Pearmout h were consi dered by Huston et al. (1984) to be rare in
t he Kootenai R ver before irudeat. Since 1979 they have been
the nost abundant fish captured in the fall gillnetting series,
with the exception of 1985 when kokanee were numerically dom nant
(Table 17 and Appendix G Tables @ - Gl3). Theupwardtrend in
catch rate has been consistent over tine, except between 1983 and
1985. During the 1985 sanpling period, water tenperature was
4.80C colder than average tenperatures during fall sanmpling in
previous years, and nets were set 32 days |ater Col derwatermy
have caused peanouth to be farther of fshore, or to be |l ess active
and therefore | ess vulnerable to gillnetting. |f so, 1985 catches
were not a valid indication of pgod &iandecline. The popul ation
structure of the 1985 catch was conposed of nore distinct age
classes than were present in other years (Figure 14). The nuch
| arger catch in 1987 was domnated by a single year class (Figure
15).

Increases in catch of peanpbuth between 1978 and 1982 were
significant (p0.01) by the Kruskal -Vallis ranking test (Huston et
al . 1984), and increases between 1983 and1987 were significant
(p<0.05) by ANOVA.

Kokanee

Kokanee were the second nost abundant fish captured in the
fall gillnetting series (Table 17 and Appendix G Tables @
Gl3). Fluctuations in catch rate occurred annually according to
the strength of various year classes. The first captures of
Kokanee were nade in 1979. Large nunbers of kokanee were caught
in 1982, nost of which were ascertained by Huston et al. (1984) to
be the result of an accidental release of 250,000 fry in 1980 from
the Kootenay Trout Hatchery in British Colunbia. Reproduction by
these fish resulted in the |arge spawning popul ation in 1985 which
consisted of a single size class (Figure 16). The snuller catch
in 1986 consisted of two distinct size classes (Figure 17) spawned
i n1983 and 1984.

Yel | ow Per ch

Yel | ow perch were first caught in the spring sinking gill
nets in 1982, and each year thereafter the catch rate increased
(Table 18 and Appendix G Tables @ - Gl3). The annual increases
after 1985 were statistically significant (p<0.05). The barren
and heavily eroded shoreline of Libby Reservoir is unlike the
debris or vegetation-covered substrate preferred by yellow perch
for spawning (Scott and Crossman 1973). Based on the rate of
i ncrease of yellow perch since 1982, |ack of spawning habitat does
not yet appear to be limting their abundance.

Mount ai n Wi tefi sh

Mountain whitefish have shown a dramatic decline from their
abundant status in the Kootenai River before inpoundment to a
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Table 17. Average catch per net in floating gill nets set during
the fall in the Tenmle andjexf ord areas of Libby
Reservoir, 1975 through 1987. &

Year
Ferameter 1975 1976 1978 1979 1980 1982 1963 1964 1965 1986 1987
Suface
taperabre 16.1 17.2 15.6 16.7 15.6 16.7 16.3 15.6 ||.4 14.9 17.7
Date U3 9B 920 102 W1 YR Y16 U5 /A 92 90
Nudoer of rets 29 91 78 73 79 70 24 28 40 S8 58
Resarvoir
dlevation 2458 2458 2447 2455 2457 2456 2451 2434 2445 2446
Avex:a;amtdlcfy
B 2.8 3.6 63 49 48 24 19 15 25 1.9 0.7
WCT 20 25 20 14 1.2 1.2 0.7 07 1.4 0.6 0.2
RB x Wi 0.0 0.0 0.1 <0.1 <0.1 0.1 1.6 04 1.0 1.6 0.8
SIB-TOIRAL 4.8 6.1 84 6.3 6.0 3.6 4.2 2.6 4.9 41 1.7
MF 2.0 2.3 1.2 1.4 0.6 1.0 0.4 0.8 0.2 0.8 0.1
ax! 4.0 4.2 3.0 6.5 8.8 15.1 12.6 11.0 5.5 17.5 40.1
N 4.2 4.7 4.2 2.11.93.51.91.3 0.51.51.3
RS 3.3 7.97.32.00.50.20.70.2 0.10.20.4
oV <0.1 <0.1 43.1 0.1 0.2 <0.1 0.0 0.1 0.2 0.1 0.0
U 1.92.40.91.11.21.20.40.2 0.10.20.1
KK 0.00.00.00.20.07.1036.5 813.45.7
TOIAL 20.2 27.6 25.0 19.7 19.2 31.7 20.5 22.7 19.6 31.9 51.1

¥ Catches priar to 1983 reparted by Hstm et al. (1984).
Y myeviatios explained in "Methods" section uder "Fish Aorndance. ™

Y priar to 1983, very few hyirids were idertified as suh, althoxh they were
praehly present in the samles.
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Table 18. Average catch per net in sinking gill nets set during
the spring inﬁe Rexford area of Libby Reservoir, 1975
t hr ough 1987.2

Year
Faramster 1975 1976 1978 1980 1982 1984 1985 1986 1987
Qrfae
taperatire 2.8 12.2 11.1 1.1 1i.7 212.7 15.0 1.9 10.8
Date 69 5/18 515 55 525 612 6/6 58 5/5
Nuber of rets in 41 41 38 36 20 23 28 28
Reservoir
elevation 2373 2367 2389 2363 2412 2415 2379 2390
pwera_:pcatdlof:y
23] 0.8 0.3 1.4 0.7 1.4 2.5 0.3 0.2 1.5
WoT 0.2 0.4 0.4 0.2 0.4 <«wa1 0.1 0.0 0.4
B x WY 0.0 0.00.0 0.0<01 06 0.1 <0.1 0.6
02 & 66 64 72 LO 21 29 Q8 58 23
NQ 503 1.0 0.7 7.2 24.3 59.2 79.7 39.2 25.5
: ws, 1.2 5.8 2.8 4.3 8.0 8.9 5.5 9.1
RS §/ 1.4 2.8 0.7 1.9 2.5 1.4 0.1 0.4
DV 1.4 1.9 2.2 0.8 1.5 1.8 1.3 1.9 1.2
IING 0.1 0.2 0.3 0.6 0.5 0.4 0.6 0.7 0.9
U 37.3 26.1 23.5 36.3 18.6 30.2 21.3 83 8.5
1358 7.9 1.1 9.1 5.8 109 56 4.3 15 1.8
YP 000 0.0 Q.0 0.0 0.2 0.8 1.0 2.6 5.5
TOIRAL, 5.8 50.0 53.4 56.1 66.0 114.5 119.8 66.5 55.7

¥ Catches prior to 1984 reparted by Hetm et al. (1984).
Y Mdweviatios eqlained in "Methods."

>4 Prior to 1984, very few hyrids were idatified as sxh, althorh they were
prdoehly presant in the saples.

& Numbers of redside shiners were not recorded in 1975, al -
- m m @ )
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|l evel of only 2.3 captures per sinking gill net set inthe spring
of 1987 (Table 18 and Appendix G Tables @ - Gl3). Catches in
the initial years follow ng i npoundnent were high, possibly due to
the remmant population from the Kootenai River. Catches in
sinking gill nets after 1978 were [ower and nore variable, ranging
from0.8 in 1985 to 5.8 fish per net in 1986. Lack of suitable
spawni ng habitat in tributaries and the |loss of the spawning
substrate within the ol d Kootenai R ver channel may be the prinary
factors contributing to the decline of whitefish in Libby
Reservoir.

Rai nbow and West sl ope Cutt hroat Trout

Rai nbow and westslope cutthroat trout captures in fall gill
nets have both declined gradually since 1978 (Table 17 and
Appendi x G Tables @ - GL3). H gh capture rates occurred for
both species in the initial years of inpoundnent, although rainbow
captures have been consistently greater than cutthroat captures
Kruskal | -Vl lis ranking tests showed a significant (p<0.01)
decline in catch of both species from 1978 to 1982 (Huston et al.
1984). Analysis of variance of the catches in 1983 and 1987 al so
showed significant (p<0.05) differences. |In both species, the
causes for decline probably include reductions in planted stock
limted spawning habitat in tributary streans, and conpetition
with the abundant planktivores in the reservoir. Rai nbow
abundance nmay al so be detrimentally affected by the reduction in
redsi de shiner abundance, which McMillin (1979) found to be a
primary prey itemof rainbow trout in Libby Reservoir.

Redsi de Shi ner

Redsi de shiner captures in fall gill nets indicated a decline
simlar to that shown by whitefish and trout species. Shiners,
al though restricted to slow water habitats, were comon in the
Koot enai River before inpoundment. Captures in Libby Reservoir
were highinthe first years after i npoundnent, possibly duetO
hol d-overs fromthe Kootenai River, but since 1980 have averaged
fewer than one fish per net in every year sanpled (Table 17 and
Appendix G Tables @ - Gl3). Spawning substrate for redside
shiners, which consists of flooded vegetation, may have been
available in the first years after inpoundnent and facilitated
successful reproduction in those years. Extensive shoreline
erosi on in subsequent years probably elimnated suitabl e spawni ng
substrate and may now be the primary factor limting redside
shi ner abundance.

Bull  Trout

Bull trout captures in the fall gillnetting series were | ow
probably because sanpling coincided with the period in which
adults were in the spawning tributaries. Captures in the spring
varied between years without any statistically significant trend
upward or downward (Table 18 and Appendix G Tables G - Gl3).
Mountai n whitefish were found to be the primary food itemin the
stomachs of bull trout in Hungry Horse Reservoir (My et al. 1988)
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and Fl at head Lake (Leathe and G aham1982). Huston et al. (1984)
found the catch of bull trout in Libby Reservoir to increase and
decrease wth the catch of nountain whitefish, and this sanme trend
has persisted from 1984 to 1987. This relationship may be
coincidental for two reasons: 1) the changes in bull trout nunbers
from 1984 to 1987 were not statistically significant (p<0.05); and
2) bulltroutpopul ations, being nade up of several age classes,
shoul d have a del ayed response to fluctuations in their prey base.
Anal yses of stomach contents of bull trout captured in Libby
Reservoir between 1983 and 1987 show they are successfully
utilizing most prey species other than mountain whitefish (Table
42).

Nort hern Sguawf i sh

Northern squawfi sh were rare in the Kootenai River before
I npoundnent, yet were one of the noreabundant fish in both spring
and fall gill nets in the first years follow ng inpoundment (Table
17 and Appendix G Tables @ - GI3). Spring catches have shown a
nodest decline over tine, while fall catches have shown an
increase from 2.3 fishpernet in 1975, to 9.1 fish in 1987

Lar gescal e Sucker

Largescal e suckers were abundant in the Kootenai R ver before
I npoundment, and dom nated catches in spring sinking gill nets set
between 1975 and 1984 (Table 18 and Appendix G Tables @ - Gl3).
Catches in 1986 and 1987 fell dramatically, and in both years were
significantly lower (p<0.05 than in 1984 and 1985. Prior to
1986, spring sanpling was done in the first or second week of
June, and in 1986 and 1987 was done in the first week of My.
This change in date of sanpling probably accounts for the change
in capture rate after 1985

A single dom nant size class of largescale suckers averagi ng
about 375 mm conprised the 1984 and 1985 sinking gill net sanples
(Figure 18). The smaller catches in 1986 and 1987 consisted of
several well defined size classes (Figure 19). The single size
classes of 1984 and 1985 nmay have been spawning adults and the
| arger catch rates in 1984-85 than in 1986-87 may be the result of
greater vulnerability of spawners that were enroute to shoreline
or tributary spawning areas. Unlike the catches preceding 1986,
the nultiple size classes of 1986 and 1987 are assuned to be
representative of the population structure of fish greater than
150 mm  The decline in catch rate in 1986 and 1987 is not
considered to be a valid indication of the population trend.

Longnose sucker

Longnose suckers were uncomon in the Kootenai R ver before
i mpoundnent. I n Libby Reservoir, |ongnose suckers were generally
caught only in spring sinking gill nets. The hi ghest catch rate
was attained in 1976 when 11.1 fish per net was caught: the | owest
catch rate was in 1986, when only 1.5 fish per net were caught
(Table 18). The change in date of sanpling after 1985 is assuned
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to affect the catch oflongnose suckers just as it did the catch
of largescale suckers, and is not considered an indication of
decline in the popul ation

Burbot

Bur bot were uncommon in the Kootenai R ver before nmpoundnent.
Catches in spring sinking gill nets were small inthefirst years
foll ow ng i npoundnent and have gradual |y increased to a high of
0.9 burbotpernetinl987 (Table 18). Differences in catch rate
at the 0.05 I evel of significance, exist only between the years of
1983 and 1987. Anal yses of stomach contents of burbot caught
bet ween 1983 and 1987 have shown | argescal e suckers to be a
heavily used prey item The abundance of |argescal e suckers and
i ncreasi ng nunters of yel l ow perch (another inportant prey iten)
may have contributed to the increase of burbot.

Jotal Fish Abundance

The average total catch of fish in the floating gill nets set
in the fall was fairly constant between 1975 and 1985. Large
catches of 27.6 and 31.7 per net fish occurred in 1976 and 1982,
respectively, while in other years the catch was consistently
around 20 fish per net. 1nl1986 the catch increased to 31.9 and
in 1987 to 51.1 fish per net, solely due to increases i n peamouth.

The average total catch of fish per sinking gill net set in
the spring varied little between 1975 and 1980, ranging from50 to
56.8 fish per net. After 1980, catches increased substantially
until 1985 when catches peaked at 119.8 fish per net. catches in
1986 and 1987 dropped to half the size of the 1985 catch. The
drop in total catch in 1986 and 1987 is not considered to be a
valid indication of the population trend due to the change in
sanpl i ng schedul e described earlier. Catostonus spp. and peanouth
accounted for nost of the decline in 1986 and 1987. Both species
are nore susceptible to gillnetting in June than May because of
spawni ng activity in June.

The relative frequencies of species captured in the sprin?
sinking gillnetseries are shown in Figure 20. Five species o

fish domnated the catch, conprising over 90 percent of the
assenbl age. Peamputh had the greatest relative abundance for all

years, but since 1985 their relative abundance has decreased due
to i ncreasi ng nunbers of northern squawfi sh and yel | ow perch. The
rel ati ve percentage of _Catastonmus spp.in the catch remai ned
relatively constant from 1984-1987, while the relative abundance
of mountain whitefish varied greatly, ranging fromless than 17
percent of the total catch in 1985 to 9 percent in 1986.

The relative frequencies of species caught in the floatin
gill net series set in the fall are given in Figure 21. Peanput
chubs had the highest relative abundance in all years except 1985
when they were displacedby a large year class of kokanee. The
catch rate of northern squawfish renai ned relatively constant over
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the sanpling period, but its relative abundance declined due to
the increase in peanouths. In addition, the relative abundance of
Qnhcor hynchus trout species declined over the tine period.

Changes in the assenblage of fish species in Libby Reservoir
are simlar to changes that have occurred in other reservoirs.
The classic process of reservoir aging is initiated by a period of
trophic disequilibriumas basin filling begins, and is eventually
followed by a period of equilibrium (Kinrel and G oeger 1986).
Disequilibrium is characterized by "trophic upsurge and
depression"” (Baranow1961). Fluctuations in fish popul ations
occur during the disequilibrium phase, but usually stabilize
within 5 to 10 years (Kimel and Goeger 1986). Trout species and
mount ai n whitefish, common in the Kootenai Rver and in gill net
catches imediately after inpoundment, have declined since 1982
Jenkins and Morais (1971) found sport fish harvest to be
negatively correlated with reservoir age in over 100 North
American reservoirs studied. They also found reservoir age to
have no affect on total fish standing stock due to increases in
clupeid abundance. Total standing stock in Libby Reservoir as
indicated by fall floating gill net captures isincreasing, andis
due to increases in peanouth chubs as well as kokanee, both of
which utilize limetic production. The nunerical dom nance of
t hese pel agi c speci es becanme apparent in 1982, 10 years after
i npoundnent, The upward trend in abundance of peanouths, kokanee
and yel low perch will probably be controlled by conpetition for
t he pl ankt on resource

Limetic Zone

Speci es conposition of vertical gill net catches in the
Tenm | e and Rexford areas were nore simlar to each other than
they were to catches from the Canadi anportionofthe reservoir
(Table 19 and Appendix H, Tables H - H6). At the north end of
the reservoir, peamouths conprised an average of 68 percent of the
catch from 1984 to 1987, while kokanee conprised only 13 percent
of the catch. In the Tenm |l e and Rexford areas, peanouth
conprised an average of 10 percent and 27 percent, respectively,
from 1983 to 1987, while kokanee conprised 82 percent and 60
percent of the catch, respectively.

In 1983, Oncorhynchus trout and bull trout conprised up to 25
percent of the catch in the Tenmle and Rexford areas, but
di mi ni shed in nost cases to | ess than one percent of the catch in
al | subsequent years. Vertical gillnetting was not done in Canada
in 1983. After 1983, Oncorhynchus trout, mountain whitefish,
Cat ost omus spp. and northern sguawfi sh had a greater relative
abundance in Canada than either the Tenmle or Rexford areas. The
assenbl age of fish in the Canadian area nore closely resenbles
that which is present in the Kootenai Ri ver.
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Table 19. Rel ative abundance of fish specios"i‘/ captured in vertical
gill nets in three sanpling areas i n Libby Reservoir, 1983
t hrough 1987.

Yar B WT H OB DV KK MF (R N RS U K

TENMITE
1983 7 2 4 3 12 e 1 9 1 0 O 0
1984 1 1 1 3 1 89 <1 6 a <01 a 0
198 A4 1 a 1 <4 8 0 9 a 0o a 0
1986 1 a a 1 1 8 « 9 0 0 a 0
1987 4 a 1 1 4 P <A 19 a 0 a 0

RXKRD
1983 4 4 0 8 11 3@ 0 2 20 0 O 0
1984 2 1 1 4 1851 7 1 a 1 a
1985 1 a a 1 a 5 < 3 1 a a 0
1 2 0 1 3 a 47 2 44 2 0o 1 0
1987 4 a 0 1 1 72 a 25 a a 0 0

QTR
1984 2 0 2 4 0 14 3 44 14 0 17 3
1985 <1 a 0 1 a 24 0 67 6 1 0 0
1% 1 2 1 5 1 5 2 8 3 0 4 a
197 2 1 a 3 0 9 1 8 4 a a 0
2/ FBaairkow trot, Whwestslge atttroat trouat; HB=rairbow x

cutthroat trout hybrid, COMB=oombined trout, Dv=ull trout,
KE¥danee salmm, MWEmantain whitefish, Ropeamauth dib,
NSQ=northern squawfish, RSS=redside shiner, CSU=largescale
axdker, F9Eagree soker.
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HYDROACOUSTIC ESTIMATE OF KOKANEE
Methods

Kokanee abundance was estimated each year from 1984-1987 using
hydroacoustics. Sanpl i ng was conducted during moonless nights in
August. Visual isolation during moonless nights results in an
even di spersal of kokanee thereby increasing the reliability of
t he techni que (Hanzel 1984).

A Honda Sitex depth recorder (Model HE 356A) with a transducer
beam angl e of 10 degrees and frequency of 220 mHz was used. Cone
width was assunedt o be consistent with the 10-degree beam angl e.
Thirty-eight - covering four discrete reservoir areas were
surveyed. After July 1985, distance travel ed al ong each transect
was neasured by a knotneter. Transect sanpling began
approxi mately one hour after sundown using conpass bearings and
(after 1985) by steering toward flashers placed at the end of
each transect. Reservoir sonar sanpling was conpleted within two
to four nights, generally with one area (8-10 transects) conpl et ed
each night.

Al | targets wi t hi ninterval were counted.
The number of kokanee per transect Was calculated using vertical
gill net species conposition proportions. Nunbers of kokaneeper
1,000 -m’ were calculated for each depth interval. These estimates
were then converted to nunbers per area and expanded to tota
surface area using methods and assunptions explained by Shepard
(1985) .

Results and Discussion

Sonar transect |engths were 73 to 76 km with the exception of
the 1986 estimate where the total measured length of the transects
was 90.5 km (Appendix |, Tables I1 - 14). The area exhibiting the
nostvari ati oni ntransect |engths andvol unes was Tenmile. The
cause of the extra length in 1986 coul d be wi nd-induced drift as
the transects were sanpled, or recording error. In any case,
nunbers in 1986, at Tenmile and for the total, were |owest of any
of the years sanpled

Since their introduction by Canadian fisheries personnel

t hroughout the 1970's, t he kokanee popul ati on in Li bby Reservoir
has experienced cyclic popul ation dynam cs. Kokanee in Libby
Reservoir spawn as 21 year old fish and their pattern of abundance
is apparently related to a strong 1979 and/or 1981 year cl ass.

The pattern is such that every third kokanee year class is
"strong" and is followed by two "“weaker" year classes. Al though
this abundance trend is apparently stabilizing, it still dom nates
kokanee popul ation dynam cs in Libby Reservoir. Because the
hydr oacoustic gear we have used does not have the capability to
differentiate size and therefore age class of kokanee,

interpretation of our population estinate necessitates an
under st andi ngof t he kokanee population pattern. our population
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estimates are presumed to includeprimarilyage 1+ and 2+ fish,
al though the possibility exists that sone age 0+ fish were
included in the estimate.

In 1984, we estimated that Libby Reservoir contained the
hi ghest total nunbers of kokanee, 2.5 mllion fish, primarily
composed of a very strong 1983 year class (Table 20). The 1985
estimate was snaller by approxi mately 500, 000 fish. Kokanee
numbers in 1986, immediately after the largest (1985) year class
spawned, reached the | owest val ue of any year yet measured. This
estimate includes the tw 'weakest' year cl asses forthatperi od,
t he 1984 and 1985 young-of-the-year.

For conparison, Rieman and Bow er (1980) estinated that
kokanee nunbers in Pend Oreille Lake, |daho, ranged from 5to 12
mllion fish between 1974 and 1978. Pend Qeille is the |argest
| ake in Idaho with a surface area of 383 kmz.lnterestingly, t he
kokanee popul ation in Fend Oreille apparently stabilized in 1976
and 1977 before declining in 1978 (R eman and Bow er 1980).

Estimated densities of kokanee in the Libby Reservoir during
August differed by area and year (Table 21). In two of the four
years, 1985 and 1986, Peck Qulch had the highest densities, 276.5
and 443.8 fish/ha, respectively. For all four years, the Canada
area had the lowest densities, ranging from5.4 to 17.3 kokanee
per hectare.

FISH AGE AND GROWTH
Methods

Fish collected in Libby Reservoir and its tributaries were
measured as total length (TL) and weighed to the nearest gram (g).
Scal es were renoved fromfish in an area abovethel ateral 1ine
and between the dorsal and anal fins follow ng Lagler (1956).
Cel lul ose acetate inpressions of the scales were exanmi ned at 48X
or 72X magnification using a mcrofiche reader Distances were
nmeasured in a straight line fromthe focus to the annuli and mid-
anterior margin of the scales using a mllineter ruler

Age and grow h information was anal yzed using the FIRE 1
conmput er program (Hesse 1977) as modified by Mont ana Depart ment of
Fish WIldlife and Parks personnel. Age was assigned based on
interpretation of annulus fornmation on scal es (Jearld 1983). Body
| engt h-scal e radi us rel ationshi ps were describedusing |og-1og
plots and the Monastersky technique.

Otoliths froma |imted number of trout, burbot and sal non
were analyzed by Dr. Ed Brothers (EFS consultants, I|thaca, New
York) to validate aging by scales and to provide additiona
information on seasonal and differential growh of fish in the
reservoir. Method of analysis was simlartothatreportedby
Brothers et al. (1976) and is described in detail by May et al.
(1988).
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Table 20. Expanded estimates of kokanee numbers in Li bby Reservoir in
August, fraom 1984 to 1987, as determ ned by hydroacoustic

sampl ing.

Geographic Total surface area Area sampled Estimated 95% oonfidence

area ha. acres ha. acres rurber interval
1984
Termile 4680. 3 [1564.9 11.4 28.2 1212184 + 57819
Feck Gulch 1911. 7 4723.7 7.6 18.8 251512 + 20718
Rexfard 4375.1 10810.7 11.4 28.1 1037717 + 94154
Canada 4867. 8 12028.3 9.5 23.4 26116 + 4738
Total 15834.9 39127.5 39.8 98.4 2527530 + 177429
1985
Termile 4620. 3 11416.6 10.2 25.3 463856 + 59042
Peck Gulch 1887.2 4663. 1 6.9 17.1 521849 + 51393
Rexfard 4315.1 10662.4 11.8 29.1 1015217 + 142290
Canada 4317.1 10667.5 9.3 23.1 46990 + 17275
Total 15139. 6 37409.5 38.3 94.6 2047911 + 271100
1986
Termile 4687.2 11582.0 13.5 33.4 196870 + 26778
Peck Gulch 1914.5 4730.7 9.5 23.5 849576 + 80459
Rexfard 4392.5 10853.6 14.6 36.1 537992 + 48760
Canada 5026.0 12419.2 9.9 24.6 86950 + 27065
Total 16020. 2 39585.4 47.5 117.5 1671389 + 183062
1987
Termile 4673. 4 11547.8 11.5 28.5 596503 + 74038
Peck Gulch 1908. 9 4716.7 7.2 17.8 289342 + 61419
Rexfard 4375.1 10810.7 11.4 28.2 958010 + 179589
Carnada 4787.3 11829.2 9.0 22.2 31658 + 7267
Total 15744.6 38904.4 39.2 96.8 1875513 + 322314
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Tabl e 21.

1984 to 1987,

Mean kokanee density in four areas of Libby Reservoir during
as determned by hydroacoustic sanpling.

Number 95% Confi dence Number Newman-Keuls®/
Area per Acre | nterval per ha. Mil tiple Conparison
1984
TENMILE 104. 8 95.1 - 114.5 259. 0 A/
PECK GUICH 53.2 46.3 - 60.2 131.6 B
REXFORD 96.0 79.2 - 112.8 237. 2 A
CANADA 2.2 1.4 - 3.0 5.4 C
1985
TENMILE 40.6 31.0 - 50.3 100. 4 A
PECK GULCH 111.9 95.3 - 128.6 276.5 B
REXFORD 95.2 68.9 - 121.5 235. 3 B
CANADA 4.4 1.1 - 7.7 10.9 C
1986
TENMILE 17.0 12.1 - 21.9 42.0 A
PECK GUICH 179.6 149.5 - 209.7 443. 8 B
REXFORD 49.6 39.7 - 59.4 122.5 C
CANADA 7.0 2.4 - 11.6 17.3 A
1987
TENMILE 51.7 39.2 - 64.1 127.6 A
PECK GUICH 61.3 41.3 - 81.4 151.6 A
REXFORD 88.6 56.4 - 120.8 219.0 B
CANADA 2.7 1.4 - 3.9 6.6 C

3/ ANOVA test indicated si gnificant differences anong areas for all years:
1984 (F3, 34=88.13, p<0.0001); 1985 (F3, 34=40.04, p<0.0001); 1986 (F3,

34=114.11, p<0.0001); 1987 (F3, 34=13.57, p<0.0001).

5/ Nunber/area val ues that are si gnificantly different are indicated by

different capital letters.
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Results and Discussion

Fish growth is influenced by many factors (Pl oskey 1986,
Piper et al. 1982). Water tenperature and other habit at
characteristics (Brett 1971, Everhart and Youngs 1981), food
availability and nutrition (Wolfert and MIler 1978, Piper et al.
1982), and conpetition (Cal houn 1966, Carlander 1969, Christie
1974, Schiavone 1985) have all been docunented to affect fish
growth., Kokanee exhi bit density-dependent growth (Johnson 1965,
Foerster 1968) and effects of reservoir operation on area or
vol ume of the reservoir may influence popul ation densities
(Jenkins 1970, Aggus 1979). However, any effects of reservoir
operation on growh are confounded by influences of tenperature,
conmpetition, food availability and habitat characteristics.

Rainbow trout

Age determnation and scal e measurements were perforned on
417 rai nbow trout captured in Libby Reservoir. The intercept of
t he scal e radius vs. body length regression line was 16.14 mmwi th
a slope of 0.62 and a correlation coefficient of 0.84.

Anal ysis of scales showed that there were distinct transition
zones of growth where circuli becanme wi der, finer and very
uniform  These were believed to be zones fornmed follow ng
emgration fromnatal streans to the reservoir. Annuli forned
during growh in the reservoir were recognized by a periodic
pattern in the fall and w nter where spacing between circuli
becanme less. G owh after the firstyearwas sl owerandannual
zones were nore difficult to interpret. An explanation for this
could be slowi ng oftroutgrowh due to maturation or change in
food habits (Miel | er and Rockett 1980; Hensler 1987).

Five distinct magration classes (trout that emgrated from
natal streans to the reservoir at ages 0+, 1+, 2+, 3+, and 4+)
were determned to exist in the sanples based on scal e aging

techniques (Table 22). Mgration classes 0, | and Il made up the
vast mgjority of the sanmple (44, 38, and 14 percent,
respectively). Mgration classes IIl and IV had small sanple

sizes (3 and 2, respectively) and were therefore not includedin
the follow ng discussion.

Mgration class was apparently related to size at age. Trout
mgrating at younger ages had a growth advantage over ol der
mgrants, due to thedifferencebetweengrowth in the reservoir
versus the stream Rainbow trout mgrating as fry were the
| argest-sized class as one-year-olds, followed in size by

mgration classes | and ||. As two-year-olds, nigration class |
trout were simlar in size to the trout mgrating as fry. At age
three, earlier mgrants averaged 55 nm|onger than class Il; the

difference was 34 mmat age four, and by age five all mgration
classes were similar in length.
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Table 22. The calculated nmean total |engths (mm) at annuli for
rai nbow trout trout in Libby Reservoir, 1984 through
1987. Measurements based on scale anal ysi s.

Mean length
ca Annulus
Age (N) at (mt%t ure T 2 3 g 5 6
Mgration Cass 0
1 6 293 123 - - - -
2 20 318 122 299
3 20 369 128 308 359 -
4 11 400 134 309 378 399 -
5 1 446 140 249 352 420 446
Grand Mean 127 303 365 401 446
G owt hi ncr ement 176 62 36 45
Mgration Cass |
1 41 260 98 - - -
2 61 347 108 307 - - -
3 59 375 107 294 357 - -
4 17 416 110 300 379 411 -
5 5 408 112 279 353 390 408
Grand Mean 105 300 361 406 408
G owt hi ncr ement 195 61 45 2
Mgration Cass Il
2 40 281 93 155 -
3 48 327 95 161 302
4 49 373 99 162 310 366 -
5 20 403 100 167 319 377 402
6 3 408 97 158 304 355 394 408
Grand Mean 96 161 308 369 401. 408
G owt hi ncr ement 65 147 61 32 7
Mgration O asses Conbined
1 47 265 101 - - - -
2 121 320 105 255 - - -
3 133 353 105 242 331 - -
4 83 386 104 209 326 378 -
5 30 396 103 186 309 370 395
6 3 408 97 158 304 355 394 408
Grand Mean 104 234 326 375 395, 408
Growthincrement 130 92 49 20 13

80



Mean | engths at anmuli for stream residence of trout migrating
as one- and two-year-olds Wer € greater than those found by Huston
et al. (1984) between 1972 and 1982. Lengths at annuli during
reservoir |ife were slightly lower for trout in this study until
age four, at which point they were simlar. It is likely that
this is related to the drop in abundance of redside shiners, at
one time an inportant food itemfor rainbow trout over 330 mm
(Huston et al. 1984, McMullin 1979). Between 1983 and 1987,
rai nbow trout fed |argely on zooplankton and insects and very
l[ittle on fish (see section on Fish Food Habits). Evidence
suggesting that this change in food habits may have altered growth
rates is given by Helsler (1987) who studied rainbow trout in
Mont ana lakes and found that fish that relied heavil yondaphni ds
grew nore slowy after 350 mm TL than those that switched to
larger food items.

Several authors have noted the possibility of scale aging
being inaccurate (Beamish and McFarlane 1983, Boyce 1985, Hubert
et al. 1987). Beamish and McFarlane stated that validation is
absol utely necessary for accurate age determination and reported
that if known age fish were not available, validation by different
techniques should be considered. Hubert et al. (1987) found that
aging with scales and otoliths in conbination yielded accurate
results.

For this study, findings based on otolith analysis were
simlar to those fromscales. oOtolith analysis determ ned that
mgration class | and Il fish were 108 mm and 147 mm TL,
respectively, at annuli forned prior to emigration to the
reservoir in 1985 (Table 23). These back-calculated lengths were
about 10 percent smaller than those derived from scal e analysis,
where mgration class | and Il fish were 120 nmm and 166 nm TL,
respectively, at annuli fornmed prior to emgration in 1985 (subset
of data in Table 22).

Brothers (1987) analyzed rainbow trout otoliths from Libby
Reservoir and found there to be a transition zone of growth
bet ween stream and reservoir. He found that this transition may
be abrupt, with the increments beconming wi der and nmore uniform or
else the transition is nore gradual with an internediate area of
poorly defined i ncrenents before reservoir growth. Hs results
indicate that fish enter the reservoir in the |ast week of My
through the first two weeks of June.

Monthl'y increments of growh derived from otoliths indicated
that migration class | fish grew at a faster rate than mgration
class Il fishduringtheir first year in the reservoir, but that
both mgration classes grew fastest from April to June (Table 23).
Mgration class | fish grew 51 mm nonth between April and June and
slowed to 17 mmin Cctober: nigration class Il fish grew 36
minonth fromApril to June and slowed to 15 nmin Cctober.
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Tabl e 23.

Mean back-calculated lengths and nonthly growth rates of

rai nbow trout after entry into Libby Reservoir, 1985.
Measurements based on otolith analysis.

Lengths (nm) at Lengths (nm at dates (growth/mo.)

Age at stream Apr-
entry (N) annulus Jun Jul Aug Sep Oct
1 24 108 159 189 218 243 259
(51) (30) (29)  (24) (17)
2 18 147 184 212 239 262 278

(36) (27) (25) (22) (15)
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Westslope Cutthroat Trout

Age and growth determ nations were made on 354 westslope
cutthroat trout collected from Li bby Reservoir from 1984 through
1987. The intercept of the scale radius-body |ength regression
line was 15.08 mmwith a slope of 0.66 and a correlation
coefficient of 0.90.

Based on scale analysis, the sanple of captured cutthroat
trout consisted of mgration classes O, I, Il, and Ill, wth
mgration classes Il and Il nmaking up the majority of the sanple
(67 percent, and 22 percent, respectively) (Table 24). Fish in
all mgration classes nearly doubled in length fromtime of
emgration to the reservoir to the first annulus formation in the
reservoir. Lengths at first reservoir annulus were simlar for
mgration classes I, Il, and Ill (302 nm 303 mm and 309 nm
espectively). Mgration class 0 put on nost growth during the
second growing season in the reservoir. Mgration classes 0 and |
maintained a length advantage over other classes until age five at
whi ch point all classes were simlar in length,

Lengths at first reservoir annulus averaged about 75 mm TL
grater for class | nmigrants than those reported by Huston et. al
(1984) between 1972 and 1982. Cutthroat trout in this study
mai nt ai ned that advantage through age three. Simlarly, |engths
for mgration classes Il and IIl were greater in this study than
those found by Huston etal., but the size differences were much
less (10 nm and 7 mm respectively).

A possible explanation for cutthroat trout being nmore simlar
in lengths at age than was seen in rai nbow rout maybe found in
their respective food habits. Cutthroat trout tend to feed nore
heavily on daphni ds and aquatic and terrestrial insects (McMullin
1979). Therefore, a decrease in the redside shiner popul ation
would not adversely affect cutthroat trout as it would rainbows.

Lengths of migration classes Il and Il cutthroat trout al so
wer e higher than those reported for Hungry Horse Reservoir (My
et. al. 1988) and for Flathead Lake (Leathe and G aham 1982).
This may reflect higher productivity in the Kootenai River system
than i n t he Flathead system.

Rainbow X Cutthroat Hybrids

Age determi nation and scal e measurements were performed on
321 hybrid trout. The intercept for body |ength-scale radius
regression line was 16.14 with a slope of 0.63 and a correlation
coefficient of 0.84. In addition, otoliths from57 hybrids were
used to assess monthly growth.

Analysis of scales showed the sanple to consist of mgration

classes I, Il, Ill, and IV. Mgration class Il nmade up the
majority of hybrids captured (59 percent) while the others were
simlar and ranged from 12 to 15 percent (Table 25). Back-
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Tabl e 24.

The cal cul ated nean total
westslope cutthroat trout

| engths (M) at annuli for
i n Li bby Reservoir,
through 1987. Measurements based on scal e anal ysi s.

1984

Mean length
at capture Annulus
Age (N) (1) 1 2 3 4 5 6
Mgration Cass 0
1 3 255 126 -
2 7 303 129 285 -
3 9 367 136 285 347 -
4 1 385 153 255 340 369 - -
Grand Mean 133 283 346 369 - -
Growth i ncr ement 150 63 23
Mgration Cass |
1 5 209 88 - - - - -
2 3 302 118 289 - - - -
3 2 413 102 338 398 -
4 2 399 136 286 355 399 - -
Grand Mean 106 302 376 399 - -
G owt h increnent 196 74 23
Mgration Oass Il
2 79 241 83 140 -
3 61 320 95 163 298 - - -
4 37 367 97 164 309 360 - -
5 6 392 93 175 312 361 392 -
6 1 408 81 152 319 375 397 408
Grand Mean 90 154 303 361 392 408
Growth i ncr enent 64 149 58 31 16
Migration d ass | ||
3 31 229 80 125 165 -
4 18 313 81 134 187 297 - -
5 7 383 89 147 205 334 376 -
6 1 405 93 145 198 325 379 405
Grand Mean 82 132 178 309 377 405
Growth increment 50 46 131 68 28
M %r ation dass Conbi ned
1 26 267 45 - - - - -
2 118 268 106 193 - - - -
3 125 310 105 193 279 - - -
4 68 351 101 175 278 342 - -
5 13 387 91 160 254 347 383 -
6 4 406 90 147 228 337 384 406
Grand Mean 107 187 276 342 383 406
Growth increment 80 89 66 41 23
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Table 25. The calculated nmean total lengths (m) at annuli for
rai nbow X cutthroat trout in Libby Reservoir, 1984
through 1987. Measurements based on scale anal ysi s.

Mean length
at capture Annulus
Age (N) (rm) 1 2 3 4 5 6
Mgration Cass 0
1 8 281 142 - - - -
2 18 351 143 319 -
3 4 377 136 295 358 - -
4 6 430 152 330 392 427 -
S) 1 421 126 271 361 403 421
Grand Mean 143 316 377 424 421
Growthi ncr enment 189 58 35
Mgration Cass |
1 10 221 99 - - -
2 12 359 103 312 - -
3 18 365 108 290 353 - -
4 5 387 104 262 345 380 -
5 1 440 96 270 351 415 440
Grand Mean 104 293 351 386 440
Growthi ncr enent 189 58 35 54
Mgration Cass Il
2 62 230 89 142 - -
3 71 332 99 162 301 - -
4 40 374 101 167 303 359
5 17 417 98 162 320 371 411
Grand Mean 96 156 304 363 411
Growthi ncrenent 60 148 59 48
Mgration Cass Il
3 23 214 87 129 163 - -
4 16 335 89 140 191 316 -
5 6 337 91 143 188 286 -
6 2 412 93 180 240 331 370 412
Grand Mean 89 137 179 309 340 412
Growthincrement 48 42 130 31 72
Mgration Casses conbined
1 18 248 118 - - - - -
2 92 271 101 199 - - - -
3 116 315 99 180 284 - - -
4 68 369 103 182 286 355 - -
5 25 399 97 166 291 354 393 -
6 2 412 93 180 240 331 370 412
Grand Mean 101 185 285 354 392 412
G owt hi ncrenent 84 100 69 38 20
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cal cul ated | engths at @nnuli were Very gjyijar to both rai nbow

trout and cutthroat trout. Al mgration classes were
approxi mately 300 mm TL after the first grow ng season in the
reservoir. M gration classes 0 and | maintained a growh

advantage over other classes that was gchieved the fjrstyearin
t he reservoir and lasted through year five.

Growth increments were similar to those of cutthroat trout and
r ai nbow trout, suggesting that in Li bby reservoir, life histories
of the different trout types are simlar. Geatest growh of
hybrid trout was achieved in the first year of reservoir life.
Growth increments decreased from 189 nm TL to 130 nm TL as age at
mgration increased. Qoliths were used to determ ne nonthly
growh rates of age 2+ hybrid trout during their first sumer in
t he reservoir in 1986. Rack calculation of otoliths reveal ed that
fish averaged 173 nm TL upon entering the reservoir in md June,
and grew by increnents of 32 mm 30 nmand 27 nm during subsequent
30-dayi ntervals.

Kokanee

Qolith nmeasurenents froma sanple of 100 kokaneecapt ured
between 1984 and 1987 were anal yzed to determne nonthly and
annual lengths and growth rates. Because the najority of kokanee
in Libby Reservoir spawn at age 2+ and sample sizes of 3+ and 4+
kokanee were | ow (two and one, respectively), discussion will be
limted to age classes 1 and 2.

Age 2+ kokanee showed the greatest second year growth | n1986
(141 mm), followed by 1983 (125 nm) and1985 (103 mm) (Table 26).
Age 1+ kokanee showed similardifferences i nannual | engt hsanong
years, with greatest growth occurring in 1983 and 1986, and |east
growth in 1985 (Table 27). It has been well docunented that
sal mon popul ations exhibit density-dependent growth (Johnson 1965,
Foerster 1968, Goodlad et al. 1974). The year when both age 1+
and 2+ kokanee growth declined in Libby Reservoir (1985) was a
year of relatively high density (Table 20); conversely, growth was
relatively high in 1986 when total nunbers were lower. It iIs
possi bl e that high nunbers of both age classes exert a density-
dependent pressure and thereby decrease growth.

Qoliths were used to determine nonthly growth rates for age
2+ kokanee (Table 28). For the period June through Cctober,
wth jncrements were highest jn the lune- Tulv int |
lowest in the August-September or 'September-October interval. ?{1‘2
hi gh rates in June through July correspond with blooms of Daphnia
in the reservoir and their association with water tenperatures
preferred by kokanee. Two-vear-old kokanee captured in 1986

showed greatest growth in the August-September interval.
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Table 26. The cal cul ated nean total lengths (m) at otolith annuli for
kokanee salmon in Libby Reservoir, 1984 through 1987.

Mean length
at capture Annulus
Age (N) (1rm) 1 2
1984
1 36 302 173
) 4 413 183 301
Grand Mean 176 301
Growth Increment 125
1986
1 8 308 155
2 3 413 189 292
Grand Mean 165 292
Growth Increment 103
1987
1 14 173 170
2 31 316 140 293
Grand Mean 147 293
Growth Increment 141
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Tabl e 27. Back-cal cul ated and back-dated I engths at first otolith
annulus for kokanee sal mon in Li bby Reservoir, 1983 through

1987
Year Year of Number
of growth anmnulus Iength (mm) of fish
1983 1984 178 35
1984 1985 164 3
1985 1986 142 38
1986 1987 170 14
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Tabl e 28. Back-cal cul ated lengths and mean nonthly growth (mj for
age 2+ kokanee sal non in Li bby Reservoir, 1984 through
1987. Measurements based on otolith analysis. Sanple
size is in parenthesis.

Time of year

Pr evi ous
Year Wnter  Spring June July Aug. Sept . Cet
1984 178(31) - 200(3) 234(11) 258(24) 280(31) 301(31)
i ncr ement 34 24 22 21
1986 142(20) 184(20) - 222(12) 247(20) 279(20) 296(13)
i ncrement 42 25 32 17

1987 186 (6) 228(6) 244(3) 270(6) 293(6) 311(6)
i ncr enent 42 16 26 23 18
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Bull Trout

Age determinations and scale measurements were nmade on 78 bull
trout from 1985 through 1987. The intercept of the body length-
scale radius regression line was 12.33 nmw th a slope of 0.802
and a correlation coefficient of 0.80.

Three-, four- and five-year-olds conprised the ngjority of the
catch of bull trout during the study period (21 percent, 38
percent, and 28 percent, respectively) (Table 29). Captured bull
trout conprised three mgration classes. The highest percentage
of the catch was frommgration classes Il and Il (59 percent and
38 percent, respectively). Conposition of migration classes was
similar to that found in Libby Reservoir from 1972 through 1982 by
Huston et al. (1984).

Gowth among all mgration classes of bull trout was sinilar
for the first year in the reservoir (126 nm 110 mm and 107 mm
for mgration classes II, Ill, and IV, respectively). First year
growth increments in this study were greater than those reported
by Huston et al. (1984) for Libby Reservoir from 1972 through
1982, by Ieathe and Graham (1982) for Flathead Lake, or My et al
(1988) for Hungry Horse Reservoir. In addition, bull trout in
Libby Reservoir exhibited greater growth up to age four than these
ot her Montana studies, at which point growth was comparable. This
suggests that there may be nore readily avail able food organisms
for smaller bull trout in Libby Reservoir but that those items are
not enough to nmaintain the growh advantage for |arger fish.
Carlander (1969) noted that the internediate-size bull trout (130
mmto 380 mj fed nost heavily on a spawni ng popul ati on of sal non
and that kokanee were the principle food of bull trout in sone
| dahol akes.

Gowh of mgration class Il bull trout to first annulus in
the reservoir was greater than growth of mgration classes Ill and
'V, although migration class IV had a sanple size of only two.
This growth advantage was also carried up to the sixth year of
life. Gowth increments within the reservoir, although, were

greater for mgration class Ill than for migration class Il and it
appears likely that if continued for several nore years, the
| ength advantage gained by migration class Il would dimnish.

This pattern is considerably different than bull trout growth
reported for Hungry Horse Reservoir (May et al. 1988). Gowth
increnents of mgration classes Il and Il in Hungry Horse
Reservoir remained simlar and stable for the first five years of
life including the first year of reservoir life. Gowh
increnents for mgration classes Il and |1l increased by only 18
mm and 11 mm respectively, between last year of streamgrow h
and first year of reservoir growth. Geatest growth was at age
five for mgration class Il fish and age six for mgration class
1l fish. Once again it appears as though upon entering the
reservoir, some feeding advantage was gained in Li bby Reservoir
relative to the other areas noted above.
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Table 29. The calculated nmean total lengths (nmm) at annuli for
bull trout in Libby Reservoir, 1984 through 1987.

Measurements based on scale anal ysis.

Mean length
at capture Anmlus

Age (N)  (mm) 1 2 3 4 5 6 7

Mgration Cass Il
2 4 275 111 214 - - - -
3 13 359 104 171 313 - - -
4 21 420 107 181 310 388 - -
5 7 484 110 181 292 384 459 -
6 1 535 129 220 296 373 446 517
Grand Mean 107 182 308 387 457 517
G owt h increment 75 70 63

Mgration Cass Il
3 3 263 81 149 214 - - -
4 9 396 99 164 224 328 - -
5 15 462 102 161 223 335 418 -
6 3 468 88 150 211 309 391 457
7 1 765 126 213 286 413 520 606 699
Grand Mean 99 161 223 333 419 494 699
G owt h increnent 62 86 75

Mgration Cass IV
5 1 373 105 145 192 248 373 -
6 1 411 97 137 189 248 338 386
Grand Mean 101 141 190 248 355 386
Growth increment 40 107 31

Mgration O asses conbined

2 4 275 111 214 - - - -
3 16 380 102 170 270 - - -
4 30 410 104 172 265 350 - -
5 23' 440 106 162 240 334 416 -
6 3 454 110 190 257 344 391 453
7 1 765 126 213 189 413 520 606 699
Grand Mean 110 187 244 360 442 530 699
G ow h increnent 77 116 82 88
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Age determ nation and scal e neasurenents were performed on 168
nmount ai n whi t efi sh. The intercept of the body |ength-scale
radius regression line was 12.25 mnmmwith a slope of 0.709 and a
correlation coefficient of 0.88.

Huston et al. (1984) reportedthat nountai nwhitefish fry do
not rear intributariesbutnovedirectlyto Libby Reservoir after
hatching. This is consistent with the scale analysis, which
showed greatest growth occurring in the first year of life,
presunably corresponding to initial growh in the reservoir.
Le)ngt hs at annuli continually decreased afterthattime (Table
30).

These results are conparabl et ot hose reported by Hust onet
al. (1984) except that length at the firstannulus was higher in
this study. 1In addition, lengths at annuli for nountain whitefish
in Libby Reservoir were greater than those of popul ations found in
other Mntana |akes (Carlander 1969).

Burbot

Qoliths from 56 burbot collected in Libby Reservoir were
utilized for age and growth analysis. A summary of the aging data
is shown in Figure 22 and Table 31. No back-cal culation of ages
wasat t enpt edduet ot hepr esence of "false" annuli and difficulty
of measurement  Brothers (1987) noted that al though the annul ar
marks were not rigorously validated, microstructural exanmination
revealed the presence of seasonal growth patternsconsistentwth
t he age interpretation represented in Figure 22 and Table 31.

Sanmpl ed burbot ranged between 3 and 11 years old, with the
nmode at age 5. Corresponding | engths rangedbetween 269 nm and
1,003 mm TL. These lengths at age are smaller than those reported
by Hustonet al. (1984) for fishcapturedbetweenl975 and1980.
There was high variability in lengths at age because tinmes of
capture includedal | seasons.

Nort her n Squawfish

Scal es from 17 northern squawfish were used for age and growth
anal ysis. The scale radius-body Iength regression line intercept
was 5.45 nmmwith a slope of 0.872 andcorrel ationcoeffi cient of
0.96. Growth increments gradually decreased after a high in the
first year in the reservoir (Table 32). Year six was an exception
inthat it was about double the adjacent years, and was therefore
probably an artifact of the |ow sanple size. Annular lengths were
all considerably greaterthanthose reported for other Montana
lakes and reservoirs (Carlander 1969). Because of |ow sanple size
these data should be interpreted with caution.
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Table 30. The calculated nmean total lengths (m at annuli for
mountain whitefish in Libby Reservoir, 1984 through
1987. Measurements based on scale analysis.

Mean length

at capture Anmulus
Age () (mm) 1 2 3 4 5 6 7 8
1 4 190 108 - -
2 46 247 132 224 - - -
3 44 278 131 221 267 - -
4 38 313 133 230 280 306 - -
5 24 344 139 228 285 318 339 - - -
6 11 360 145 236 285 317 341 357 - -
7 0 0 - -
8 1 365 129 260 290 306 325 342 356 365
Grand Mean 133 226 277 311 339 356
Gowt h increnent 93 51 34 28 17
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Figure 22, Estimated length of burbot at specified ages in Libby Reservoir,

1984 through 1987.
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Tabl e 31.

Mean | ength at capture of 1984-1987 age cl asses of

burbot col | ected from Li bby Reservoir,

1984 t hr ough

1987.  Assignnent of age classes based on otolith

anal ysis.

Age Length at Sanpl e
Class capture (mm) size
3 269 2
4 373 2
5 449 13
6 513 12
7 553 11
8 623 6
9 650 5
10 701 3
11 1,003 1
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Table 32. The calculated nmean total lengths (m) at annuli for

nort hern squawfish in Li bby Reservoir, 1984 through
1987. Measurements based on scal e anal ysis.

Mean length
at capture Annulus
Age (N)  (mm) 1 2 3 4 5 6 7 8 9 10 11
2 2 200 78160 - - - - - - = -
3 1 293 98 192 267 - - - = = = -
4 3 304 104 171 238 280 - - - - - -
5 4 332 91 168 242 287 319 - - - = -
6 4 348 75 150 219 269 311 337 - - - -
7 0 - - = - = - - - - -
8 1 485 110 162 224 296 344 376 410 454 - -
9 0 - - - = = - == - =
10 1 500 83 133 198 248 288 337 377 409 442 471
11 1 545 92 172 245 315 363 410 448 485 500 518 531
Grand Mean 92 166 238 283 323 358 426 455 471 494 531

Growth i ncrenent

74 72 45 40 35 68 29 16 23 37
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Peamouth chub

A smal| sanple of scales (19) from peamouth chubs captured in
Li bby Reservoir was anal yzed for age andgrowth (Table 33). The
intercept of the scal e radius-bodyl engthregressionlinewas 9.92
mmwith a slope of 0.69 and a correlation coefficient of 0.89.

Gowh was greatest in the first three years of life
gradually decreasing wWith age. The growth increnment between ages
six and seven naybe an artifact of |ow sanple size. Carlander
(1969) reported annul ar | engths for peamouth chubs from ot her
Mont ana | akes incl udi ng Flathead lake, al| of which were | ower
than the Libby Reservoir sanple. Althoughthesedata should be
interpreted with caution, the large size exhibited by peamouth
chubs caught in gill nets in Li bby Reservoir |eads ustobelieve
that the actual growth of t hi sspeci esi sout st andi ngand |ikely
mrrors their growh as deternmined by scal e anal ysis.

FISH FOOD HABITS
Methods

Stomachs of various fish species capturedingillnets from
1983 through 1987 were collected and enptied into |abeled plastic
vials with a formalin preservative (prior to fall 1986) or with a
95 percent ethanol solution (after fall 1986). Stonmach contents
were sorted into taxonom c groups, counted and wei ghed.
Subsampling was used when anal yzi ng zoopl ankt on and ot her
abundant, snall food itenms. Wt weights of all food categories
except zooplankton were neasured to the nearest 0.001 g after
removi ng excess water by blotting.

The ngj ority of zooplankton ingested by fish were fragnented,
and identifiable bodypartswereusedtoestinmatethenunber of
each genus within each stomach In the earliest sanples (sunmer
1983), | engt hs of Bosmina spp., Di apt omus spp., Epishura spp. and
Cyclops spp. were estimated as 0.3, 0.7, 1.2 and 0.5 nm
respectively, based on average |engths found in zoopl ankton
collections at the tine fish stomachs were sanpled. Beginning in
fall 1983, lengths were determned directly from stomach sanples.
Dry weights of these zooplankton were estinmated using length-
wei ght regressions presented by Bottrell et al. 1976. Al dry
wei ghts were converted into wet weights using a multiplication
factor of 10. This multiplication factor is applicable for wet
wei ghts between 10 and 300 ng (Bottrell et al. 1976), the range
nmost frequently found in Libby Reservoir. W assuned an average
length of 6 mmfor all Leptodora spp. and used this length to
enter |ength-weight tables devel oped by Cummins et al. (1969) to
estimate the wet wei ghts of Leptodora spp. For stomachs col |l ected
in sumer 1983, body |engths of Daphnia spp. were estimted using
nmeasurements of the post-abdom nal claw foll ow ng nethods
presented by Leathe and G aham (1982). Beginning in fall 1983,
Daphni a spp. body |engths were nmeasured directly from stomach
sanpl es
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Tabl e 33. The cal cul ated nean total lengths (mm atannuli for
peamouth chubs in Libby Reservoir, 1984 through 1987.
Measurements based on scal e anal ysi s.

Mean length
at capture Annulus
Age (N) (mm) 1 2 3 4 5 6 7
3 1 213 72 125 178 - - - -
4 6 230 70 125 171 214 - - -
5 8 258 75 133 186 224 249 - -
6 3 273 75 139 192 228 251 269 -
7 1 332 70 117 199 240 284 316 325
Grand Mean 73 130 182 222 253 280 325
G ow h increnment 57 52 40 31 27 45
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Species and size selection of Daphnia were expressed using
[vlevs (1961) electivity index as presented by Leathe and Graham
(1981). The index ranges from -1 (avoidance of a food item to +1
(positive selection of a food item). A value of zero represents a
;.oohd i t emthat has the same composition in the environment and the

i sh.

An index of relative inportance (IRI) was calculated to
estimate the inportance of particular food items in the diet
(Ceorge and Hadley 1979). The IRI is the arithmetic mean of the
nunber, frequency of occurrence, andwei ghtofa food itemin the
diet, expressed as a percentage. IR values range fromzero to
100, with a value of 100 indicating exclusive use of a food item
Frequency of occurrence and weight data were used to calculate
IRI's for insect parts, al gae, and debris.

The Shoener overl ap i ndex (Shoener 1970) was used to determne
potential dietary overlap between species. The Shoener index
gives values from zero (no overlap) to one (conplete overlap).

Results and Discussion

A total of 2,494 fish stomachs from Li bby Reservoir were
col l ected and anal yzed for food habits from 1983 t hrough 1987
(Table 34). Enpty stomachs (475) were not used in the anal yses.
In addition, stomachs from all geographic areas were used to
insure that a conplete sanple was taken from the entire reservoir.

Kokanee

Stomachs from 386 kokanee captured between 1983 through 1987
were used in food habits analysis (Table 35). In all years,
zooplankton were the most important food items f or kokaneesal non.
Index of Relative Inportance (IR) values ranged from92 to 98
bet ween 1983 and 1987.

Daphnia were the most important food forkokaneewi threspect
t 0 zooplankton utilization |nportance values ranged froma | ow
of 59 in 1985 to a high of 96 in 1987. The copepods D apt onus
wer e next i n i nportance and never comprised nore than 29 percent
of the diet of kokanee. The other food itens were primarily
di pteran | arvae and pupae. The food habits of kokanee in Libby
Reservoir are simlar to those in other |akes (Finnel and Reed
1969, Ieathe and G aham 1981, Schneidervin and Hubert 1987).

Mont hl y IRI's agai nshowedt hei nportance of zoopl ankton in
the diet of kokanee (Table 36). Daphnia species were the nost
inportant food items for all nonths except February when Di apt onus
becanme the nost inportant. Diaptonus was al so inportant as a
secondary food sourcebet ween December and April. Epi schura, a
| ar ge copepod, was inportant sporadically throughout the sunmer
and fall nonths.
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Table 35. Indices of Relative Inportance for food items in the stomachs of
kokanee sal mon in Libby Reservoir, 1983 through 1987.

Sample S ze: N=26 N=118 N=129 N=84 N=29
1983 1984 1985 1986 1987

ZOOPILANKTON

Daphnia 83 74 59 96 72

Diaptoms 10 19 29 2 20

Epi schura 3 5 6

Q her pl ankton 0

TERRESTRIAL INSECTS

Hymenoptera - 0 0

Coleoptera 1 1

Hemi pt era -

Other insects - 0 1

AQUATI C INSECTS

Diptera | arvae 0 1

Diptera pupae 1 0 3 0 8

Insect parts 1 1 1

Debris 0
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Table 36. Mnthly Indices of Relative Importance for food itens in the stomachs of
kokanee sal non in Libby Reservoir, 1983 t hrough 1987.

Sanpl e si ze: N=24 N=34 N=30 N=30 N=44 N=13 N=17 N=53 N=65 N=25 N=34 N=17
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

ZOOPLANKTON

Daphnia 82 49 54 76 64 8 97 88 97 92 71 83

Di apt onus 17 51 45 20 9 2 2 15

Epischura 1 12 - 12 1 2 23

Q her pl ankt on 3

TERRESTRIAL INSECTS

Hymenoptera - 3 - 4

Colecptera 1 3 2

Hem ptera -

Other insects - 2 1

AQUATI C INSECTS
Diptera larvae
Di ptera pupae
Insect parts
Debris

-
[
|
SIS |
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Daphnia IR values were extremely high relative to their
rel ati ve abundance in Li bby Reservoi r, which suggests that kokanee
are specific as to the type of organisms on which they feed.
Speci esand size selection by kokanee has been documented by other
investigators (Finnel and Reed 1969, Leathe and G aham 1981,
Schneidervin and Hubert 1987). During this study, the density of
| ar ge Daphnia taken by kokanee showed an inverse relationship to
the popul ation density of kokanee in the reservoir (refer to
Figure 10). It was previously shown that kokanee may exert
pressure on Daphnia populations that could lead to increased
densities of snaller plankters. For this reason, potential size-
specific selection on Daphnia by kokanee was analyzed.

Size selectivity of Daphnia by kokanee appeared to change
t hroughout the seasons (Ta%le 37). Selection for the larger
Daphnia increased fromw nter through summer and then decreased
again in the fall. Selectivity index values indicated that
selection was primarily for those Daphnia greater than 1.49 mm
in all seasons (Table 38) and is simTlartothose forkokaneein
Flathead Lake (Leathe and G aham 1981). The avoi dance val ues for
the size class >2.0 mmduring winter and spring nonths is
unexpl ai nabl e except that it may be due to sanpling error.

Oncorhynchus trout species

St omachs from 1, 080 Oncorhynchus trout (westslope cutthroat,
rainbow, and cutthroat X rainbow hybrids) captured in Libby
Reservoir from 1983 through 1987 were examned to determne their
food habits. Over 90 percent of the stomachs anal yzed contained
food items. All trout were conbined because of the difficulty to
positively identify the species in the field. In addition, trout
species in Libby Reservoir have simlar food habits (McMullin
1979, Huston et al.1984, Chisholm and Fral ey1986). Trout were
al so separated by size class (trout <330 nm TL and trout >330 mm
TL) as done by McMullin (1979) because of the potential for food
preference differences between the sizes.

The diet of trout in Libby Reservoir was sinmilar for all years
except 1987 (Table 39). In nost years, terrestrial and aquatic
insects conprised the mpjority of the food for all size classes.
Trends in feeding preference were also simlar for all sizes of
trout. Feeding on zooplankton decreased in 1985 and utilization
of terrestrial and aquatic inverté& ates increased. In addition,
zooplankton was absent fromthe diets of both size classes of
trout in 1987. The reason for the lack of zooplankton is not
fully understood. As was shownpreviously, thedensityoflarger
Daphni a (the primary zooplankton taken by trout) was considerably
lower in 1987 than in 1986. Because of this, thetroutmyhave
Swi t chedt oa more available foodsour ce.

There was SONMe seasonal variation in the food habits of trout
in Libby Reservoir. This variation was closely related to
availability of food items in the reservoir. Zoopl ankton were
nmost inportant during the winter nmonths, followed by aquatic
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Table 38. 1Ivlev's selectivity index for size classes of Daphnia
ingested by kokanee by season in Libby Reservoir, 1983
through 1987.
Daphnia size classes (mm)
Season 0.0-0.49 0.5-0.99 1.0-1.49 1.5-1.99 2.0-2.5
W nt er -1.0 -LO -0.50 0.70 -1.0
Spring -1.0 -1.0 0.20 0.68 -1.0
Sunmer -1.0 -1.0 -0.60 0.53 0.94
Fal | -1.0 -1.0 -1.0 0.72 0.77
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Tahle 39. Index of Relative Impartance far food items in the stomachs of trout
species cgphared in Likdoy Reservoir, 1983 thrauh 1987,

1983 1984 1985 1986 1987
Iagth (mm): <330 >330 <330 >330 <330 >330 <630 >330 <330 >330
Sample size: N=78 N=124 N=161 N=160 N=204 N=163 N9 NeBD N33 N=24

ACPLANKTON

Dxdmia 37 31 40 31 23 lo 46 27

Diagtoms 0 1 4

Boischura 1 1 3 2 3

Crclas -

Oter 3 3 1 2 1 1

TERRESTRIAL INSHCTS

Hymengptera 8 » 5 4 18 18 8 10 8 3
Colecptera 6 5 12 10 8 lo 6 9 14 16
Hemiptera 4 2 2 3 4 3 6 6 1
Haptera n 6 4 2 5 4 7 7

Other 7 8 4 3 6 7 4 4 1
AJHITC INSECIS

Diptera larvee 0.5 2 2 3 2 3 0.5 2 2 9
Dipterapyee 1 - 4 3 5 8 4 3 27
Diptera adilts 9 6 4 4 4 3 6 6 3 1
Other 4 4 3 4 4 3 3 3 27 1
Insect parts 7 9 10 9 15 23 7 6 46
FISH

Hirid traxt - 0.5

Kdaree 1

Pramuth b - 6 2 1

- - 5

Radsicde shirer 3 1 2

Fish parts 0.5 2 3 1 1 - 6
Ddxis 2 8 5 8 3 5 1 4 20 12
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insects (Table 40). Inthespring, there was a considerable shift
away from zooplankton to aquatic and terrestrial invertebrates.
Col eopterans and di pterans, which showed peak abundances in
emergence traps and surface insect tows during spring nonths, had
t he hi ghest IRI's. As energence of dipterans subsided in the
summer, terrestrial invertebrates, especially flying ants, becane
the food of choice. In Cctober and Novenber, zooplankton and
terrestrial and aquatic invertebrates were utilized conparably.

Mountain Whitefish

Stomachs from 225 mountain whitefish captured in Libby
Reservoir from 1983 through 1987 were used to deternine food
habits. There was littlevariationin foodhabits anmong seasons
for the whitefish. Daphnia were the nost inportant food itens
during all seasons (Table 41). There was some variation in the
size of Daphnia utilized. The mean length of Daphnia eaten in the
fall was considerably greater than in all ot her seasons which had
simlar mean lengths. The reason for the increase in size of
ingested Daphnia is likely due to a progression in growth of the
pl ankt or throughout the year. The greatest densities of |arger
Daphnia coincide with their wutilization by nountain whitefish.

Aquatic and terrestrial invertebrates made up the majority of
the remaining food itens in all but the wi nter nonths. Carlander
(1969) suggested that because terrestrial and aguatic insects were
the primary food source for mountain whitefish, the utilization of
zooplankton may i ndi catea scarcity of the larger i nvertebrates.
Food habits of mountain whitefish in Libby Reservoir were simlar
to those found in Flathead Lake (Leathe and G aham 1981) and in
Hungry Horse Reservoir (May et al. 1988).

Bull Trout

St omachs from 162 bull trout captured in Libby Reservoir from
1983 through 1987 were exanmined to determine their feeding habits.
Fish species were the nost inportant food itens for bull trout
t hr oughout the year with a conbi ned Index of Relative Inportance
value of 65 (Table 42). Fish species contributed to nore than 99
percentoft hetotal biomass ingested by bull trout. Index values
were high for terrestrial and aquatic invertebrates in the spring
and summer. Likely reasons forthehi ghval ues maybe due to an
artificial inflation of the IR from high frequency of occurrence
and numeric parameters.

Hul | trout ingested at |east 10 different species of fish
found in the reservoir. Collectively, salnonids were the nost
i nport ant speci esconsunmed.  Kokanee appeared to be the speci es of
most inportance to bull trout followed by Oncorhynchus trout
speci es, largescale suckers, and peamouths. The only speci es not
taken by bull trout were burbot and bull trout.
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Table 40. Indices of Relative Inportance for food items in the
stomachs of trout species captured by season in Libby
Reservoir, 1983 t hrough 1987.

Iegth (m): <3830 >330 <330 >330 <330 >330 <330 >330 <30 >3

Saple size: NBE3 NED2 NE130 N=126 N128 N=158 NR214 NA194  N=B25 =630

0PI ANKICN

Dydmia 60 64 14 0 29 24 35 24 31 23
Digptms 2 2 0 !
Fpischara - 2 2 1 3 2 0
oyclas - < 0 0
Other - 2 2 2 3 1 2
TERRESIRIAL INSHCTIS

Hymaptera 1 1 9 1 25 25 6 4 13 13
Qlegptera 3 1 17 17 6 5 6 6 2 2
Haniptera 0 3 3 4 3 4 3 3 3
Hooptera 4 2 3 1 6 5 7 6 5 4
Cther 3 3 6 7 3 5 6 5 5 6
AJRITC INSKCIS

Diptera larvae O 2 3 1 1 1 2 5 2 3
Diptera pyee 4 2 lo 13 3 2 1 1 4 4
Diptera adilts 4 4 3 2 5 4 5 6 5 4
Other 2 1 1 2 1 1 6 6 3 3
Treect parts 6 4 23 35 n 9 9 10 12 15
FIH

Hixid traxt - 1 0.5
Peamuth chb 2 1 5 0.5 2
- - 1 - -

Recside shiner - 3 1
Fish parts 2 2 3 0.3
Ddxis 8 15 5 6 1 2 4 9 0.1 6
Miscellaeas 1 0 0 0 1 1 0.1
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Table 41. Seasonal Indices of Relative Inportance for food items in the
stomach of mountain whitefish in Libby Reservoir, 1983 through 1987.

Sanpl e Size: N=225 N=17 N=66 N=72 N=70
Time Period: Jan - Dec Dec - Mar Apr-Jun Jul - Sep Oct - Nov
ZOOPLANKTON

Daphni a 76 91 66 76 73
Diaptomus 0 1 0

Epi schura 2 4 0 4
Cycl ops 0 1

Other plankton 1 3

TERRESTRIAL INSECTS

Hymenoptera 1 1 )

Col eopt era 0 1

Hem ptera 0 1

Homoptera 1 1 1 1
Other insects 0 1

AQUATI C INSECTS

Diptera | arvae 4 2 3 2 11
Diptera pupae 3 6 2 2
Di ptera adult 1 1 0 1
ot her 0 0

Insect parts 2 10

FI SH

Fish parts 0 1

Debris 5 7 4 5 7
M scel | aneous 2 3 2 2
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Table 42. Seasonal Indices of Relative Inportance for food items in the
stomachs of bull trout in Libby Reservoir, 1983 through 1987.

Sanpl e Size: N=162 N=7 N=85 N=8 N=62
Time Period: Jan - Dec Dec - Mar Apr-Jun Jul - Sep Oct - Nov
TERRESTRIAI, INSECTS

Hymenoptera 1 18

AQUATI C INSECTS

Di ptera pupae 30 38

Diptera adult 0 1

Insect parts 1 1 4
Fl SH

Westslope Cutt hroat 6 - 1 - 14
Rai nbow t rout 2 - - 4
Hybrid trout 2 - 42 3
Kokanee 12 59 5 - 16
Mount ai n Wi tefish 1 - 2 -

Longnose sucker 0 - 1 -

Largescale sucker 8 - - 16
Peamouth chub 7 - 15 - 6
Northern Squawfish 1 - 3 -

Redside shi ner 3 22 3 -

Yellow perch 2 - 3 10 2
Q her fish 0 - 1 -

Fish parts 21 11 26 12 26
Debri s 1 - 1 18

Q her unid. 2 9 1 8
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The type of prey taken by bull trout in Libby Reservoir is
quite different than that reported for other waters. Ieathe and
G aham (1981) found that three Speci esof whitefi shwerei nportant
in sumer and fall and nongame species inportant in winter in
Flathead Lake. May etal. (1988) found rough fishtobethe nost
i nportantfishspeci es taken in Hungry Horse Reservoir. Carlander
(1969) cited several exanples of bull trout feeding on sockeye and
kokanee sal non

Burbot

Food habits for burbot were determ ned by anal yzi ng stonachs
from 69 specinens captured in Li bby Reservoir from 1983 through
1987. Like bull trout, fishspecies were the most important food
source overall for burbot in Libby Reservoir (Table 45?. At | east
ni ne species of fish were found in stomachs of burbotincl udi ng
one instance of cannibalism ILarval dipterans were al so found to
be inportant

The bottomdwelling organisms utilized by burbotattestto
their primarily benthic lifestyle, During fall and winter nonths
largescale suckers were the nost inportant fish prey, and
di pteranl arvae were an inportant food item during all nonths,
especially in fall.

During spring, yellow perch replaced suckers as the nost
important food source for burbot. This shift in diet is likely
because of their proximty to each other in the spring. vYell|ow
perch spawn in sandy areas in the spring (April - June) when
vegetation is scarce (Brown 1971, Scott and Crossman 1975).
During that tine, yellow perch are likely concentrated in severa
areas in the reservoir, especially in the Rexford area. This is
corroborated by the sinkinggillnetrecords, shown previously.
The result is a species of fish preferred by burbot (Muth 1973
Scott and Crossman 1975). Yel low perch will Iikely become
increasingly i nportant to burbot if their densities increase.

Other Fishes

Food habits for other fishes ca in Libby Reservoir from
;983 through 1987 are presented in Table 44. Species of greatest
interest are northern squawfish, peamouth chubs, and largescale
suckers. These are the most likely species to interact with game
speci es because oftheirhighdensities in the reservoir and food
habi ts which are si m | art ot hoseof ganespeci es.

Northern squawfish food habits were obtained from spring
through fall during the study period. |n all seasons, fish were
collectively the nost inportant food source for squawfish (Table
45), conprising no less than 90 percent of the total bionass
ingested.
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Table 43. Seasonal Indices of Relative Inportance for food items in the
stomachs of burbot in Li bby Reservoir, 1983 t hr ough 1987.

Sanpl e Size: N=69 N=12 N=44 N=3 N=10
Ti me Pericd: Jan - Dec Dec - Mar Apr-Jun Jul - Sep Oct - Nov
AQUATI C INSECTS NA

Diptera | arvae 29 18 27 43
Diptera pupae 1 - 1

ot her 2 - 3

Insect parts 1 - 1

FI SH NA

Westslope cut t hr oat 1 5 - -
Kokanee 2 9 -
Mountain whitefish 1 3 -
Bur bot 1 4 -
Longnose sucker 1 2 -
Largescale sucker 18 18 37
Peamouth chub 7 11 7 -
Redside shi ner 2 4 2 -
Yel | ow perch 9 4 21 -
Q her fish 1 3 -
Fish parts 18 15 26 6
Debris 3 4 2 7
ot her uni d. 3 7 1 7
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Table 44. Indices of Relative Inportance for food itens in the stomachs of
nongame fi sh species in Li bby Reservoir, 1983 through 1987.

Sample S z€. N=170  N=172 __ N=53 N=27 N=46 N=54
Speci es: NsQ¥/ CRC YP FSU RSS csu

ZOOPLANKTON

Daphnia 37 67 44 17 29 56
Diaptomus 1 0 - 1

Epischura - - 3 1
Cycl ops - - - 3 1 16
Other plankton - - - 2 3

TERRESTRIAL INSECTS

Hymenoptera -
Coleoptera -
Hem ptera -
Homoptera -
O her insects - - - 3 -

OO -

AQUATI C INSECTS
Diptera |arvae
Di ptera pupae
Di ptera adult

Q her

Insect parts

FI SH

Hybrid trout
Kokanee

Peamouth chub

Nor t her n Squawfish
Redside shi ner
Fish parts

Debri s

M scel | aneous

O her unid.

39
23

B W
O 1V
PRl oo
NN

~NN— o
SNShhwoyd |

)
|

I =P
|

= W
OrRPRPWO I I
[
>
w
o
|

&/ NsQ = northern squawf i sh, CRC=peamouth chub, YP=yellow perch, FSU=longnose
sucker, RSS=redside shi ner, CSU=largescale sucker.
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Table 45. Seasonal Indices of Relative Inportance for food items in the
stomachs of three nongame fish species in Libby Reservoir, 1983
t hrough 1987.

Dec - March April - June July - Sept. oct - Nov
Speci es NSQZ'CSU CRC NSQ csuU CRC NSQ CSU CRC NSQ CSU CRC

ZOOPILANKTON
Daphni a
Diaptomus
FEpischura
Cyclops

Q her pl ankton

66 34 67 43 83 89 22
1 1
1
1

1 4

68

11

555858
555555
555558

TERRESTRIAI, INSECTS
Hymenoptera
Coleoptera

Hemi ptera

Homoptera

5858
SE58
SESS

AQUATIC INSECTS
Diptera |arvae
Diptera pupae
Diptera adul t

ot her

I nsectparts

11 20 2 16

SEEEE
SEEEE
SESEE

FI SH

Peamouth chub
Redside shi ner
Fish parts
Debri s

M scel | aneous
Uni dentified

17 - 34

$E5588
555588
SEEEEE

217

&/ NSQ=northern squawfish, CSU=largescale sucker, CRC=peamouth chub.
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It was impossible to0 assess specific food habits of northern
squawfish from Li bby Reservoir because of the high percent of
enpty st omachs (47 percent) and the advanced state of digestion in
all but two of the stomach sanples. Qher authors (Carlander
1969, Brown 1971, Gay et al. 1982, and May et al. 1988) noted the
potential for predation by northern squawfish on young sal noni ds.

Peamouth chubs were consistent in their choice of Daphnia
(mean length = 1.70 nm) as a primary food source. I ndex of
Rel ative Inportance values were greater than 65 in all seasons
except winter when unidentified fish species were nost inportant.
W found no literature to suggest that piscivory mght be conmon
to peanouths, but Brown (1971) suggested peanouths may
occassionally feed on small fish. Aquatic, and to a | esser extent
terrestrial, invertebrates conprised the ngjority of the remaining
prey consumed by peamouth chubs in Libby Reservoir.

It was inportant to anal yze food habits of largescale suckers
because of their relatively high utilization of Daphnia. Daphnia
was the most important food source for largescale suckers in all
seasons in which they were captured. Zooplankton collectively
conprised an IRl value of 76 throughout the study period and
val ues were ashi ghas 89 during the spring season.

Shoener Overlap Index

The Shoener index of dietary overlap was determined for al
species of fish that were collected for food habits analysis in
Libby Reservoir during the study period. The purpose of the i ndex
was to show possible interspecific conpetitive relationships or
community structures. Some anbiguities have been related to
conmbi nations of diet measures and dietary overlap indices (Vallace
1981). For this reason, the Shoener index was based on average
wei ghts of food itens found in the stomachs. This conbination
probably nmore closely parallels caloric intake of each food item

Because of the wide variety of prey preferences for fish in
Li bby Reservoir, and probability of |ow index values for some food
i tens, specimens were separated into two groups. The first group
contained those fish that were considered to be prinarily non-
piscivorous based on initial analysis of stomach sanples and the
work of several other researchers (Carlander 1969, Brown 1971,
Scott and Crossman 1973). Goup two included all species that
wer e foundtohave fish in any stomachs.

Very little overlap occurred anong the non-piscivorous fish
(Table 46). Overlap index values ranged froma |ow of 0.11
bet ween redside shiners and | arge-scale suckers to a high of 0.95
bet ween mountain whitefish and largescale suckers. Wth respect
to game speci es, kokanee and mountain whitefish were the only two
speci es to show ahi ghi ndexval ue (0.90). Inaddition, these two
speci es overl apped considerably with largescale suckers (0.93 and
0.95 for kokanee and nountain whitefish, respectively). The nost
common food itemfor all these species was zooplankton.
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Tabl e 46. Shoener index values of dietary overlap for eight
species of fish considered to be primarily non-
pi scivorous from Libby Reservoir, 1983 through 1987.

Tt Csu YP Rss Crc Mwf Fsu

Kok 0.19 0.93 0.13 0.05 0.53 0.90 0.24

Trt 0.25 0.26 0. 36 0.43 0.31 0.53
Csu 0.20 0.11 0.54 0.95 0.31
YP 0.07 0.21 0.18 0.27
RSS 0.15 0.13 0.76
Crc 0.56 0.35
Mwt 0.32
a/ Kok = kokanee, Trt = Oncorhynchus trout species, Csu =

largescale suckers, Yp = yell ow perch, Rss = redside
shi ners, Crc = Peamouth chubs, MM = nountain whitefish, Fsu
= | ong-nose suckers.

116



Kokanee, mountain whitefish, and largescale suckers consumed
zooplankton as 99.1, 86.4, and 92.5 percent, respectively, of
their total bionass intake (Table 47). Daphnia were the nost
i mportant zooplankton taken byeach of the fish species. Both
percent of total weight and mean lengths of Daphnia i ngest edwere
Ssim | ar for kokanee and mountain whitefish. The percent weight of
Daphnia i ngest edwasl| ower for largescale suckers, al t hough the
mean | engt hs of Daphnia found in their stomachs were sim | ar

The high Shoener index values, Si m | ar per cent bi omasses, and
mean | engths of Daphnia in the stomachs of the three species
suggest a potential for interspecific conpetition. Kokanee are
wel | known for their preference of cladocerans as a food source
(Collins 1971, Rieman and Bow er 1980, Leathe and G aham 1981).
Moutain whitefish also prey heavily on crustacean zooplankton
(Scott and Crossman 1973, May et al. 1988). In addition
largescale suckers of all sizes, especially juveniles, are known
to feed heavily on zooplankton and al so may feed on kokanee eggs
(Carlander 1969, Brown 1971, Scott and Crossman 1973).

Many dissimlarities exist anmong the three species that may
suggest little conpetition in Libby Reservoir. ILargescale suckers
conmonl y occupy areas cl ose to the substrate and near shore as do
nmountai n whitefish (Scott and Crossman 1973, and section on
tertiary production in this report), while gillnetting i n Li bby
Reservoir has shown that kokanee are primarily [immetic.
Largescale suckers areal sodifferentfronthe other speciesin
that they feed heavily on the copepod Cyclops in Libby Reservoir

Godfrey (1955) found that nmountain whitefish fed on [imetic
pl ankt on nostly when bottom organi sms were scarce and that in
t hose instances, whitefish were commonly at |ow popul ation
densities. Based on netting data, whitefish densities also appear
to be lowin Libby Reservoir. These different characteristics of
the three species suggestthatthereis sone spatial separation
and feeding nechani sm differences that probably keep the three
speci es fromcompeting directly with each other.

Al though the Shoener index for Oncorhynchus trout and kokanee
was relatively low (0.19) when the entire year was consi dered,
there was sone overlap seasonally. For nostoftheyear, trout
and kokanee showed little diet overlap (Table 48). During spring
and summer, trout fed nobre on terrestrial and aquatic
invertebrates than did kokanee. In the fall nonths, fish
speci es (nostly peamouth chubs, redside shiners and northern
squawfish) al so became inportant in the diet of trout. During
this same tinme, kokanee fedprimarilyon zooplankton.

An overlap index value of 0.85 for trout and kokanee occurred
in the winter months and involved primarily zooplankton. However
i ntense conpetition probably did not occur between trout and
kokanee for the following reasons: (1) utilization of zooplankton
by both species may have caused the index to be artificially high
because of the nuneric paraneter; (2) nmean |engths of Daphnia
ingested by trout were considerablygreaterthanthoseta&enﬁy
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Table 47. Percent of biomass and nean lengths (mm) of zooplankton types
i ngested by three species of fish in Libby Reservoir, 1983

throagh 1987.

Daphnia Digptams Fpischurs Cyclops
Feroent Mean Percent Mean Percent Mean Perocent Mean
Species  biomass length biomass length biomass length biomass length

Kokaree 84.5 1.71 10.2 123 4.0 1.25 — —
Mountain

whitefish 85.1 1.78 LO 116 1.3 —_— — —
ILargescale

sucker 53.9 1.83 e -_ 1.3 1.08 38.6 —_
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Tabl e 48. Seasonal Indices of Relative Inportance for food itens in the
stomachs of Oncorhynshus trout species and kokanee in Libby
Reservoir, 1983 through 1987.

Ti meper i od: Dec - Mar Apr-Jun Jul - Sep Oct - Nov
Spp: Trout Kok Trout Kok Trout Kok Trout Kok
Sample Si ze: N=109 N=105 N=264 N=87 N=88 N=135 N=419 N=59
ZOOPLANKTON

Daphnia 61 65 7 72 27 93 28 78
Diaptomus 1 34 12 1 0 2
Epischura 0 1 2 1 6 2 16
Cycl ops 0 0

Other plankton 2 0 2
TERRESTRTAIL INSECTS

Hymenoptera 1 11 0 25 5 1
Coleoptera 2 1 17 0 6 6 -
Hem ptera 0 3 3 3 -
Horopt er a 3 2 6 7 -
ot herinsects 3 6 1 4 6 1
AQUATI C INSECTS

D pt era larvae 1 2 2 1 3 -
Diptera pupae 3 11 8 2 1 1 -
Diptera adul t 4 3 5 6 -
ot her 2 1 1 6 -~
Insect parts 5 29 3 10 0 10 1
FI SH

Hybrid trout 0 -
Kokanee 0 -
Peamouth chub 1 3 -
Northern Squawfish 1 -
Redside shi ner 0 2 -
Fish parts 0 1 3 -
Debris 11 6 1 6 1
Miscellaneous 1 0 1

Q her unid. 0 1
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kokanee (1.70 mm andl.48 mm respectively): and (3) alternative
food itens appearedtobe species specific. Trout continued to
feed on aquatic, and to a lesser extent terrestrial, invertebrates

whi | e kokanee utilized Diaptomus as an important secondary f ood
source.

Many of the fish species from Libby Reservoir that showed
pi sci vorous tendencies were found to have high Shoener index
values (Table 49). H gh overlap values were seen anong bul |
trout, burbot, northern squawfish, and yel | ow perch. The conbi ned
oncorhynchus trout species showed little diet werlap with any of
t he ot her piscivorous speci es.

Because of the amount of digestionthathad occurred in the
st omachsof nost pi sci vor ousspeci es, di rect conpari sonswer eonl y
possibl e between bull trout and burbot. Both species preyed on
all of the potential forage fish in the reservoir, althou?h
proportions of prey consuned were different (Table 50). Bul'l
trout fed on ten species of fish but concentrated on four. The
nost inportant prey for bull trout -- in decreasing order of
percent biomass -- were kokanee, largescale suckers, trout
speci es, and peamouth chubs. Burbot concentrated on three forage
fish species and the order of importance in terns of biomass was
largescale suckers, yel | ow perch, and peamouth chubs.

These differences in prey species suggest differences in
feeding strategies between bull trout and burbot. pByrpottendto
be bottom dwel | ers and opportunistic (Scott and Crossman 1973
Mith 1973). Largescale suckers and yel | ow perch also tend to be
bottom dwel | ers, especially the suckers. In contrast, bull trout
in Libby Reservoir are commonly found in open water during most of
the year and around the shoreline during summer and fall when they
begi n spawni ng novenent. This islikelythe reason why kokanee

and trout species make up al nost one-half of the total biomass
eaten by bull trout.

As di scussed above, poor stomach sanples made it inpossible to
determ ne any specific correlations between nostpiscivores and
the prey species they consuned. Although May et al. (1988) also
found a high Shoener index value for bull trout and northern
squawfi sh, they considered conpetition unlikely. Wth respect to
Li bby Reservoir, continued exam nation of piscivore stonmachs 1is
needed to nore fully understand their food and feeding habits.
This is especiallytruew ththe recent introductionof another
pot enti al predator, the Kamloops rainbow trout.

MIGRANT TRAPPING IN YOUNG CREEK
Introduction
Young Creek, tributary to Libby Reservoir, is situated 5 km south
of the Montana-British Colunbia border, and drains a 120 sq km

basin of the Purcell Muntains. The streamis 17 km long, and
medi an annual |ow and high flows range from5 to 100 cfs,
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Table 49.  Shoener index values of dietary overlap for five species
of fish that utilized fish as a food source from Li bby
Reservoir, 1983 through 1987.

Tr out Nor t hern Yel | ow

Burbot speci es squawf i sh perch
Bul I trout 0. 99 0.30 0.98 0.84
Burbot 0.17 0.98 0.85
Oncorhynchus
Trout speci es 0.20 0.30
Nor t hern
squawf i sh 0.87
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Table 50. Percent bi onmass and percent frequency of occurrence of
i ndi vi dual fish species found in the diets of bull trout
and burbot from Libby Reservoir, 1983 through 1987.

Bul | trout Bur bot
Frequency Frequency
Per cent of Percent of
Speci es bi omass occurrence bi omass occurrence
Oncorhynchus
Trout species 21.5 6.9 2.5 2.0
Kokanee 26. 3 7.8 3.7 3.9
Mount ai n whitefish 1.1 0.9 1.2 2.0
Burbot o - 1.2 2.0
Iongnose sucker 0.3 0.9 0.7 2.0
lLargescale sucker 22.0 1.7 53.9 3.9
Peamouth chub 10.0 8.6 9.0 13.9
Northern squawfish 1.2 1.7 -
Redside shi ner 1.3 4.3 1.4 3.9
Yellow perch 1.6 3.4 9.3 15.7
Unidentified fish parts 14.1 49.1 15.0 45.1
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respectively. Young Creek has been used as a test streamfor
evaluating the feasibility of establishing spawning runs of
westslope cutthroat trout in tributaries to the reservoir.

Managenment activities in Young Creek have included renoval of

mgration barriers, chemcal treatnent of 11 km of the headwaters
W th rotenone, and annual inprint plantings of about 50,000 young-
of -the-year westslope cutthroattroutper 300 m of stream from
1970 to 1975.

Methods

An upstream box trap and a downstream Wl f-type trap (Huston
et al. 1984) were operated in Young Creekbetween 1970 and 1987.
The trap structure is located about 100 m upstreamfromthe full
pool elevation of Libby Reservoir. The dates of operation varied
between years. During certain periods workers were on site 24
hour sadayt oensure that debris and peak flows did not interfere
with trapping efficiency.

Results and Discussion

Mgratory trout have been captured inbi-directionaltraps in
Young Creek in all years since 1970, except for 1980 and 1981.
Results of the trapping are sumarized in Table 51. The duration
of upstream and downtream trapping periods, and the effort
expended in trapping each year were not equal. This disparity
precludes standardizing total catches betweenyears.  Conparisons
made on the basis of daily catch rates are also inappropriate
since run strength on a given day | naspawni ngperi odvariesw th
discharge and temperature.

Mgrants caught in the first three years of trapping in 197Q,
1971, and 1972, were considered to be residents of the Kootenai
River. The increases in adult captures from 1970 to 1972 were
probably the result of the renoval of mgration barriers in Young
Creek. None of the fish caught in those three years Were all owed
to pass beyond the trap. The post-1973 migrants were therefore
olon51de_red to be largely the products Of reservoir and Young Creek
pl antings.

Huston et al. (1984) estinmated the one year survival of
young-of -the year cutthroat planted in fall 1972 to be about 42
percent. Results of the plantings are evident in the period from
1973 to 1977 in which the nunbers of adult cutthroat captures
increased from 102 to 679. The captures in 1978 are not
considered representative since trapping was termnated before the
spawning run normally begins. The trap was removed in 1978 on My
3, and Huston et al. (1984) stated that the run normally occurs
throughout the nonth of May.

Captures in 1979, 1980, 1983, and 1984 were fairly simlar,
but roughly half the size of the 1976 and 1977 peak In the years
1985, 1986, and 1987, there were substantial reductions in adult
captures. The number of adults captured in 1987 wast hel ownest
since 1972.
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Table 51. Summary of mgratorytroutcaptures in upstream and
downstreamtraps in Young Creek, 1970 through 1988.

Nunber of days

trap cperable
and dates out- upstream Downstream
migrant and in- mgrants m grants
m grant traps captured captured
Year were in place adul ts adults juveniles
1970 90 ( 5/5- 6/ 3) 21 8 498
(4/16- 7/29)
1971 33 (4/26- 5/29) 57 4 134
(4/ = 7/21)
1972 42 (4/27- 6/ 9) 90 4 352
(3/17-11/13)
1973 50 (4/21- 6/10) 102 32 1408
(4/ 6 9/20)
1974 65 (4/29- 7/ 2) 229 92 1558
(4/ 1-10/ 3)
1975 57 (5/13- 7/ 9) 281 205 1341
(4/16- 7/29)
1976 42 (5/ 7- 6/18) 692 ? ?
1977 36 (4/28- 6/12) 679 3 276
1978 31 (4/ 3- 5/ 3) 3 — -
1979 69 (5/ 1- 6/14) 315 126 236
(5/30- 6/15)
1980 88 (4/ 1- 6/30) 367 204 1853
(5/20 -8/16)
1983 80 (6/ 6— 7/18) 260 152 1612
(4/21- 6/ 8)
1984 218 (4/10-11/14) 354 227 1330
1985 77 (5/ 2- 7/18) 71 52 1280
1986 54 (4/30- 6/22) 65 79 1930
(4/30- 8/29)
1987 48 (4/28- 6/15) 56 33 596

(5/18- 7/16)
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Huston et al. (1984) offer the follow ng explanations for the
decl i ning spawni ng popul ations in Young Creek: (1) increased
angl er harvest in Young Creek; (2) deterioration of habitat
guality in Young Creek from human devel opnent and forest
management; (3) cessation of inprint planting in Young Creek; and
(4) decreased survival of Young Creek cutthroat in the
reservoir.

An additional factor may be the nortality and stress that the
long-term trapping programitself inposes on the Young Creek

spawni ng popul ation.
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RECCMMENDATIONS

The effects of the deep drawdown in 1988 and 1989 should be
thoroughly researched to document its i npactont hereservoir
fishery

Continue to develop and inplenent strategies to evaluate and
refine the nodel from 1988 through 1992. This wi || increase
the predictive capability and therefore useful ness of the
model.

Refine the annual hydroacoustic estinmate through the use of
dual-beam echo-sounding equipment.

Enphasi ze data collection to address system variabl es and
trophic | evel interactions. An exanple of a critical variable
not fully researched in Libby Reservoir is the reservoir
hydraulics. This variable directly affects primry production
and may influence all trophic levels = even fish distribution
and predation rates. An exanple of trophic |evel interactions
that may be critical in Libby reservoir are the interplay
bet ween Daphnia diel vertical distribution, kokanee activity
patterns and reservoir hydraulics. |twoul dal sobedesirable
to nore closely quantify surface insect deposition using
floating i nsect traps.

Emphasi ze col l ection of data on peamouth age, growth, food
habits and interactions with other fish species. The peamouth
is nunerically the nostinportantfish in Libby Reservoir and
its nunbers are apparently increasinag. The status of the
Kamloops rainbow trout, bull trout and northern squawfish and
their feeding habits should continue to be nonitored as
closely as possible.

Evaluate the timng and significance of fish entrainment
t hrough the Li bby Damturbines. This information can be used
t ol i nkt he reservoir and river fishery.

The effects of damoperation the Kootenai Riverfisheryshoul d
be investigated beginning in 1990. Once effects are
det erm ned, thenodel canbeusedto eval uate and recommend
dam operations that will optimze the river and reservoir
fishery. Investigations on the Kootenai River should include:
(a) Instream Fl ow Incremental Methodology (IFIM work on the
river channel: (b) habitat suitability investigations on
rai nbow, bull trout, nmountain whitefish and burbot; (c) creel
surveys; and (d) investigation on the rate of delta formation
at the nouth of tributaries. This work wll address program
nmeasures 203(b)(1,3), 903(a)(6), 903(d) and 903(e)7 in the
1987 Fish and Wl dlife program.
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APPENDIX A
Figures Al through A7

Hydrologic characteristics of Libby Reservoir,
1983 through 1987.
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APPENDIX B
Figures Bl through Bl12

Water quality parameters for three study areas
of Libby Reservoir, 1987.
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APPENDIX C
Tables C1 through C36

Monthly densities and biamasses of terrestrial and
aquatic hwertebmtesinﬂlethreesuﬂyaxeasof
Libby Reservoir, 1983 through 1987.
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Table Cl. Surface invertebrate density in no./ha. (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1983.
Terrestrialé/ Aquaticﬁj

Date Grand

Sites Col Hem Hom Hym Ara Other Total Dip Other Total Total

Aug.

Near shore -- -- -- 124¢41.0) 4(6.9) -- 127(43.6) -- - -- 127

Limnetic -- -- 8(13.3) 691(831.3) 4(6.9) 4(6.9) 707(858.5) 4(6.9) ~- 4(6.9) 711

Sept.

Near shore  14(29.0) - 18(35.0) -- 18(20.3) 9¢11.1)  58(93.6) 20(27.4) -- 20027.4) 78

Limnetic e o H11.1D 3(6.0) 3¢6.0) 18¢22.5) 32(35.7) 23(19.2) -- 23(19.2) 55

Oct.

Near shore 3¢6.0) -- 6¢11.5) 3(6.0) 3¢6.0) 3¢6.0) 17¢11.5) 6(6.9) -- 6(6.9) 23

Limnetic 6(11.5) 3¢6.0) 3¢6.0) 3¢6.0) 3¢6.0) 3¢6.0) 20(¢20.0) 1. D -- 9(11.1) 29

Nov.

Near shore -- 6(8.5) -- 6¢8.5) 6(8.5) -- 18(7.8) 18¢7.8) -- 18¢7.8) 35

Limnetic -- 18(7.8) -- -- 6(8.5) -- 23¢0.0) 12¢0.0) .- 12¢0.0) 35

Dec.

Near shore -- -- -- -- - -- -- -- --

Limnetic -- -- -- -- -- -- -- -- --

o/ Col = Coleoptera;

Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera;

Ara o Arachnida;

Dip = Diptera.



Table C2. Surface invertebrate density in no./ha (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1984.
Terrestrial® Aquatic®

Date Grand

Sites Col Hem Hom Hym Ara Other Total Dip Other Total Total

Jan.

Near shore -- -- -- -- -- .- -- .- -- -- --

Limnetic -- -- -- -- -- -- -- -- -- -- .-

Mar .

Near shore -- -- -- -- -- -- -- -- .- -- --

Limnetic -- -- .- -- -- -- -- -- -- -- --

Apr.

Near shore -- -- 3¢6.0) 6(6.9) 3¢6.0) .- 12(9.4) 93(155.3) -— 93(¢155.3) 105

Limnetic 6(11.5) -- 3(6.0) 6¢11.5) 3(6.0) -- 18(22.5) 288(544.9) - - 288(544.9) 305

May

Near shore  35(41.3) 3(6.0) 9(11.1) 70¢81.1) 3(¢6.0) 3¢6.0) 122(143.9) 166(192.4) 12(23.5) 177(215.8) 299

Limnetic 20(33.5) 3(6.0) - 70(80.8) 6(11.5) -- 99¢114.4)  46(47.3) -- 46(47.3) 145

June

Near shore -- -- -- -- 6(9.7) . 6(9.7) 4(6.2) -- 4(6.2) 10

Limnetic -- -- 2(4.9) 2(4.9) 2(4.9) -- 6(6.6) 33(39.4) -- 33(39.4) 39

July

Near shore 17(18.6) 1(4.0) 14¢19.9)  16(21.7) 10¢18.0) .- 58(60.4) 14¢19.3) 1¢4.0) 16¢18.6) 74

Limnetic 3(5.3) 5¢6.3) 12¢16.5) 12(15.5) 4(6.0) 1(4.0) 36(27.5) 18¢30.2) -- 18¢30.2) 55

Aug.

Near shore 12(14.7) 17(32.5) 16¢17.6) 418(483.3) 2(4.9) 29(45.1) 494(501.8) 86(92.6) 4(6.2) 89(97.8) 584

Limnetic 6(14.3) -- 8(9.5) 120¢113.9) 2(4.9) 14¢17.2) 149(128.3) 23(45.8) 8(11.9) 31¢54.0) 180

Sept.

Near shore 4(6.9) -- -- 4(6.9) -- - 8(13.3) 23¢11.5) 8(13.3) 31¢17.8) 39

Limnetic -- 4(6.9) 4(6.9) -- -- -- 8(6.9) 4(6.9) -- 4(6.9) 12

Oct.

Near shore 109¢138.2) 241(87.2) 985(221.7) 372(184.6) 31(17.8) 35(35.0) 1771¢200.1) 93(64.8) 23¢11.5) 116(72.9) 1888

Limnetic 51(77.6) 213(299.3) 574(588.8) 116(117.7) 20(13.3) 4(6.9) 977(980.4) 54(75.1) 23(20.2) 77(88.6) 1054

Nov.

Near shore -- -- -- -- -- --

Limnetic -- -- -- -- -- -

¥ Col = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara = Arachnida;

Dip = Diptera.



Table C3. Surface invertebrate density in no./ha (standard deviation) by Order,

in the Termile area of Libby Reservoir during 1985.

Terrestrial®/ AQGatical
Date Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total N  Total
Apr. 2
Near shore 87(41.0) -- -- 46(48.8) 88(24.7) -- 220¢65.8)  308(353.6) 29(8.5) 337(362.0) 558
Limnetic 35¢17.0) -- 87(41.0) 29¢8.5) 151(32.5)  657(321.0) 18(7.8) 674(328.8) 826
May 7
Near shore 168(238.3) 17(23.1) 105(¢164.3) 106¢151.3) 32(59.2) 2(4.5) 428(524.6) 179(123.4) 42(56.4) 221(124.9) 649
Limnetic 77¢106.8) 3(8.7) 110¢245.2) 110¢187.0) 3¢(8.7) - 302(445.6) 115¢81.7) 3(5.9) 118(79.6) 420
June 6
Near shore 43(36.5) 10(8.7) 8(11.9) 8(9.5) 24(25.5) 2(4.9) 93(68.7) 10¢15.4) 2¢4.9) 12¢14.7) 105
Limnetic 60¢76.0) 12(14.7) 4€6.2) 21(52.3) 25(30.7) = 122¢167.5) 6(9.7) 4(6.2) 10¢11.3) 132
July 6
Near shore 39(67.6) 66(133.2) 15¢24.4) 85(85.7) 8(13.4) .- 214(302.3) 64(89.1) 3(6.5) 66(94.3) 280
Limnetic 25(28.3) 20(27.9) 30¢31.0) 28(34.5) 3¢6.5) 106¢(90.7) 11¢16.5) - 11€16.5) 116
Aug. 6
Near shore 10¢25.7) 24(32.8) 16¢10.1)10164(20919)  3¢6.5) 5(13.1)10222¢20973) 442(636.1) 3(6.5) 444(640.5) 10667
Limnetic 5¢(8.3) 11¢19.4) 24(37.1) 6902(12759) 6942(12814)  26(35.5) - 26(35.5) 6968
Sept. 6
Near shore  13(¢32.3) 56(106.6) 333(755.5) 865¢2072) 16(38.8) 3¢6.5) 1286(3011) 11(19.4) 10(25.7) 21(27.7) 1307
Limnetic - 18(¢32.3) 32¢49.1)  79(124.6) 5(13.1) - 135¢210.4) . i e 135
Oct. 3
Near shore -- 11¢18.5) -- 5(9.2) 16(27.7) 5(9.2) 37(39.7) -- 11(9.2) 11¢9.2) 48
Limnetic -- 5(9.2) 5(9.2) 5(9.2) 21(18.5) . 37(32.9) e . .- 37
Nov. 2
Near shore -- -- -- -- -- -- -- -- --
Limnetic -- -- -- .- -- -- -- -- --

o Col = Coleoptera;

Hem

= Hemiptera; Hom =

Homoptera; Hym = Hymenoptera; Ara = Arachnida;

Dip = Diptera.



Table C4. Surface invertebrate density in no./ha (standard deviation) by Order,

in the Tenmile area of Libby Reservoir during 1986.

Terrestrial®/ Aquaticé/
Date Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total Total
Apr.
Near shore 53¢(50.9) 16(0.0) -- 42(39.8) 16(27.7) -- 127¢111.1)  32¢16.0) 21(36.4) 53¢50.9) 180
Limnetic 21(18.5) 5(9.2) .- 5(9.2) -- -- 32(16.0) 5(9.2) -- 5(9.2) 37
May
Near shore 130(¢163.7) 5(13.1) 3¢6.5) 69(95.6) 8(13.4) -- 214(285.0) 299(272.4) 8(8.8) 307¢267.5) 521
Limnetic 169(311.5) 21(51.8) -- 40(66.5) 5¢13.1) -- 235(437.6) 214(214.9) 3(6.5) 217(¢220.5) 452
June
Near shore 48(50.2) -- -- 3(6.5) 8(13.4) -- 58(67.6) 3¢6.5) 5(13.1) 8¢13.4) 66
Limnetic 8(8.8) -- -- 8(8.8) 8(8.8) 5¢13.1)  29(25.4) .- - -- 29
July
Near shore 19(18.7) 3¢6.5) 48(78.9) 5¢8.3) -- -- 74(83.7) 66(106.0) -- 66(106.0) 140
Limnetic 11¢13.1) -- 16¢20.2) 11¢(13.1) 3¢6.5) -- 40¢27.7) 5¢8.3) 3(6.5) 8(8.8) 48
Aug.
Near shore 3(6.5) 3¢6.5) 3(6.5) 24(22.1) -- 3(¢6.5) 34(23.3) 29(48.6) -- 29(48.6) 64
Limnetic 8(19.6) -- -- 48(49.2) -- -- 56(49.9) 5¢8.3) -- 5¢8.3) 61
Sept.
Near shore -- -- -- 5¢8.3) -- -- 5¢8.3) 10¢25.7) 5(8.3) 16(31.6) 21
Limnetic -- -- -- 3(¢6.5) -- -- 3(6.5) 5¢8.3) -- 5¢8.3) 8
Oct.
Near shore 3(6.5) 3(6.5) 19¢18.7) 3(6.5) 3¢6.5) -- 29(30.7) 16¢31.6) -- 16(31.6) 45
Limnetic -- -- 11¢16.5) -- 3(6.5) -- 13¢15.7) 3(6.5) -- 3(6.5) 16
Nov.
Near shore -- -- -- -- -~ -- 16(16.0) -- 16¢16.0) 16
Limnetic .- -- -- -- -- 16(27.7) -- 16¢27.7) 16
Dec.
Near shore -- -- -- -- -- .- 8(11.3) -- 8(11.3) 8
Limnetic -- -- -- -~ -- -- -- -- e

a

2 ol = Coleoptera; Hem

Hemiptera; Hom =

Homoptera; Hym = Hymenoptera; Ara

Arachnida; Dip = Diptera.



Table C5. Surface invertebrate density in no./ha (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1987.
Terrestrial® Aquaticﬁ/

Date Grand

Sites Col Hem Hom Hym Ara Other Total Dip Other Total Total

Mar.

Near shore -- -- .- -- 5(9.2) -- 5(9.2) 270¢217.9) - - 270¢217.9) 275

Limnetic -- -- -- -- 328¢568.1) - - 328(568.1) 328

Apr.

Near shore 212(198.6) 90(78.4) -- 772¢171.1)  5(9.2) -- 1079¢410.8) 307¢(352.9) - - 307(352.9) 1386

Limnetic 259¢111.4) 132(¢112.5) . 947(653.9) 1339(869.5) 365(247.7) 11(9.2)  376(243.2) 1714

May

Near shore -- -- 5(9.2) -- 16(0.0) -- 21(9.2) 11¢9.2) 11(18.5) 21(24.4) 43

Limnetic -- -- 11¢18.5) - 5(9.2) 16¢16.0) 11(9.2) -- 11(¢9.2) 27

June

Near shore -- -- 16(16.0) -- 11(9.2) -- 27(18.5) 5(9.2) - 5(9.2) 32

Limnetic -- -- 11(9.2) - - 11¢9.2) - s - 11

July

Near shore 259¢119.1) - - 16(27.7) 3122(4888) 5¢9.2) 5(9.2) 3407(4975) 206¢215.0) - - 206(215.0) 3614

Limnetic 196¢107.8) 11(18.5) 37(50.9) 836(1104) i 1079¢1159) 95¢165.1) -= 95¢165.1) 1175

Sept.

Near shore -- 5(9.2) 32(54.8) 5¢9.2) 5¢9.2) 5(9.2) 53¢78.4) 37(32.9) - 37(32.9) 90

Limnetic 5¢9.2) 111(141.3)  11(18.5) 5(9.2) 132¢165.0)  16¢16.0) 5(9.2) 21(24.4) 153

8/ col 4 Coleoptera; Hem = Hemiptera; Hom o Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.
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Table C6. Surface invertebrate density in no./ha (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1983-1987.
Date Terrestrial? Aquatjggl Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total N__ Total
Jan. 3

Near shore -- -- -- --
Limnetic -- .- -- -~ -~ -~ --
Mar. 5

Near shore -- -- -- -- 3(7.2) -- 3(7.2) 162(213.4) - - 162(213.4) 165
Limnetic -- -- -- -- B -- .. 197¢440.1) -- 197¢440.1) 197
Apr. 12

Near shore 81(122.7) 26(51.3) 1¢3.5)  213(346.0) 21(34.9) -- 342(686.4) 167(237.7) 10¢20.2) 177(240.0) 519
Limnetic 78(120.2) 34(76.2) 1¢3.5) 254(503.2) 6(11.6) -- 374(691.9) 298(386.8) 6(8.6) 304(390.3) 677
May 20

Near shore 105¢172.2) 8(16.2) 400104.6) 72(109.2) 16(36.1) 1(3.7) 242(367.9) 187(197.9) 21(37.3) 208(200.0) 450
Limnetic 82(183.3) 8(28.6) 400147.6) 64(121.9)  5¢10.0) . 199¢356.3) 115(143.0) 2(4.9) 117(145.4) 316
June 21

Near shore 26(38.6) 3¢6.3) 4(9.8) 3(6.6) 12¢17.2) 1¢2.6) 49(60.2) 5(9.8) 2(7.3) 8(11.3) 56
Limnetic 19(46.6) 3(9.1) 3¢6.0) 9¢27.9)  10¢19.1) 2(7.0) 46(98.4) 11(24.9) 1(3.6) 12(26.9) 59
July 24

Near shore 53(94.0) 18(68.5) 23(43.6) 419(1780) 7¢13.3) 1¢3.3) 520(1850) 64(109.2) 1(4. ) 65(109.9) 584
Limnetic 34(72.0) 8(16.6) 21(26.7) 119¢428.0) 2(5.0) 1¢4.0) 185(489.0) 23(59.8) 1(3.3) 23(59.6) 208
Aug. 21

Ne%r shore 7¢15.9)  13(25.4) 10(12.9) 3048(11435) 2(4.8) 11(26.6) 3090(11464) 159(372.0) 2(4.8) 161(374.6) 3251
Limnetic 5¢13.1) 3¢10.9) 10(21.8) 2119¢(7101) 1(3.6) 4(10.8) 2143(7131) 16(31.1) 2(6.9) 19(34.9) 2161
Sept. 22

Near shore 7(20.4) 16(57.8) 98(397.7) 239¢1085) 8(22.1) 3¢6.8) 371(1578) 18(23.6) 5(14.4) 23(26.8) 394
Limnetic . 6(18.0) 26(62.1)  24(70.3) }7.7) 3¢10.9)  62(130.9) 8(13.2) 1(3.4) 9(14.9) 72
Oct. 16

Near shore 22(66.4) 48(101.1) 193(401.2) 73(163.4) 11(17.3) 8(19.0) 354(707.3) 25(45.6) 6(10.8) 31(¢53.5) 386
Limnetic 11¢35.0)  42C138.5) 113(313.9) 24(63.2) 9(13.0) 2¢4.1) 200¢526.3) 13(34.8) 4(12.0) 18(44.,4) 218
Sept. 8

Near shore 2(4.2) -- 2(4.2) 2(4.2) 4(8.6) 10¢12.5) - 10¢12.5) 15
Limnetic 4(8.6) i - 2(4.2) 6¢10.6) 9(16.7) = 9(16.7) 15
Dec.

Near shore 4(8.0) - 4(8.0) 4
lenetlc . e .. . . .
2/ col = Coleoptera; Hem = Hemiptera; Hom o Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.
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Table C7. Surface invertebrate density in no./ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1983.
Terrestrialg/ Aquaticé/

Date Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total N  Total
Aug. 2

Near shore -- -- -- -- -- -- -- -- .- --
Limnetic - -- -- 19(26.9)  19(26.9) == 38(54.4) -- - 38
Sept. 3

Near shore 4(6.9) .- 8(13.3) 4(6.9) 12¢11.5) 4(6.9) 31¢17.8) 8(13.3) - 8(13.3) 39
Limnetic -- -- -- 16¢6.4) o= 27(26.6) 43(24.4) 12¢20.2) - 12¢20.2) 54
Oct. 4

Near shore 6(6.9) -- -- -- 6(6.9) -- 12(9.4) 6(6.9) - 6(6.9) 18
Limnetic 12¢23.5) 3(¢6.0) 23(25.0) 3¢6.0) 20(¢20.0) -- 61(70.7) 9(6.0) 6(6.9) 146¢11.0) 76
Nov. 1

Near shore - - 12(*****) - - - 12(*****) 23(*****) - - 23(*****) 35
Limnetic 8(6.9) -- 12¢20.2) -- -- 4(6.9) 23¢11.5) 16(27.1) -- 16¢27.1) 39
Dec. 1

Near shore -- -- -- -- -- -- -- -- -- --
Limnetic -- -- -- -- -- -- -- -- -- --
Y Col = Coleoptera; Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C8. Surface invertebrate density in no./ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1984.
Terrestrial® Aquatic®

Date Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total N  Total
Jan. 2

Near shore - -- -- -- -- -- -- --
Limnetic -- -- -- -- -- - -- - --
Mar . 4

Near shore -- -- 16(17.4)  23(46.5) 3(6.0) 9¢11.1)  50(63.4) 3(6.0) -— 3(6.0) 53
Limnetic 9C11.1) -- 12€16.5)  20(27.4) - 12¢9.4) 52(39.7) 24(21.4) -— 24(21.4) 76
Apr. 4

Near shore 6(11.5) -- -- 12¢16.5) 9(11.1) . 26(38.2) 465(461.0) 6(11.5) 471(455.9) 497
Limnetic e -- .- 3(6.0) 9(11.1) 3(6.0) 15¢22.2) 610(875.4) - - 610¢875.4) 625
May 4

Near shore 3¢6.0) -- -- - 3¢6.0) 250(263.3) - - 250(263.3) 253
Lirmetic 3(6.0) -- 3(¢6.0) 6¢11.5) 12¢13.3) 913(1086) - 913¢1086) 924
June 6

Near shore 2(4.9) -~ -- 4(9.4) 6(9.7) 16¢11.9) - 16¢11.9) 22
Limnetic - -- -- 2(4.9) 2(4.9) 4(9.4) 6(9.7) 10¢11.3) 12
July 6

Near shore  33(32.3) 4(6.2) 23(16.5) 18(27.3) 6(6.6) 19¢31.6) 103(53.8) 18¢12.1) -— 18¢12.1) 120
Limnetic 10¢11.3) 6(14.3) 6(9.7) 6(6.6) 2(4.9) 6(6.6) 35(37.5) 12¢10.3) -— 12¢10.3) 47
Aug. 9

Near shore 3(5.3) 1(4.0) 8¢13.0) 57(148.8) 1¢4.0) 70¢161.8) 5(8.5) - 5¢8.5) 75
Limnetic 1¢4.0) 6(¢10.2) 8(13.0) 1¢4.0) 17¢24.7) 1¢4.0) -— 1¢4.0) 18
Sept. 3

Near shore 345(567.5) 12(20.2) 357(587.7) 12(20.2) - 12¢€20.2) 368
Lirmetic 58(80.3) 4(6.9) 62(77.3) 12¢11.5)  4¢6.9) 15¢13.3) 77
Oct. 3

Near shore  19(33.5) 20(24.4) 353(399.6) 12(11.5) 403(380.3) 27(24.4) 8(6.9) 35(30.8) 438
Limnetic 8(13.3) 4(6.9) 965(657.1) 31(53.7) 4¢6.9) 1012(667.9)  43(53.7) -— 43(53.7) 1055
a/

=’ Col = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara =

Arachnida; Dip = Diptera.
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Table C9. Surface invertebrate density in no.s/ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1985.
Terrestriat®/ Aquaticg/

Date Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total N  Total
Apr. 5

Near shore 114(217.1) 14(25.1) .- 2(5.4) 28(26.8) 510.3) 163(271.3) 916(1617) 2(5.4) 919¢1616) 1082
Limnetic 51(66.7) -- - 16(25.4) s 68(91.0) 593(755.1) 2(5.4) 595(753.1) 663
May 4

Near shore  12(23.5) 6¢11.5) 26(52.5) 29(58.0) -- -- 72¢130.1)  76(92.1) 56(59.8) 131(84.4) 204
.Limnetic 14(29.0) -= 44(87.0) 15(22.2) 73(137.6) 128(171.3)12(23.5) 140(163.1) 212
June 6

Near shore 29(¢16.0) 18(12.1) 18¢21.6)  31(26.1) 10¢11.3) 2(4.9) 106(53.3) 18(20.6) -- 18(20.6) 124
Limnetic 50¢60.1) 2(4.9) 21(26.0)  21(¢22.5) 6¢9.7) - 101(91.8) 20(22.8) 4(6.2) 24(23.2) 124
July 6

Near shore 34(21.9) 148(238.7) 316(686.0) 42(47.9) -~ -- 539(806.0)  44(67.3) 5(13.1) 50¢78.2) 589
Limnetic 12¢18.3) 55(62.3) 186(175.8) 44(53.4) 3¢6.5) 5¢7.3) 304(270.5) 16(10.7) 8(19.2) 24(13.2) 328
Aug. 6

Near shore -- 5¢8.3) 29(63.9) 130(254.1) -- 164(242.3) 98(231.9) - 98(231.9) 262
Limnetic 5(8.3) 8(8.8) 11(13.1) 307¢728.6) 3(6.5) 3(6.5) 336(745.4) 13¢18.7) -- 13¢18.7) 349
Sept. 6

Near shore 8(13.4) 82(149.4) 53(58.2) 29(27.2) 3(6.5) - 175¢195.8)  29¢(40.5) 3(6.5) 32(38.7) 206
Limnetic 3¢6.5) 50¢52.6)  116(262.0) 111(241.7) 8(8.8) 288(544.6)  26(43.3) 3(6.5) 29(49.6) 318
Oct. 5

Near shore -- -- -- -- -- -- -- -- 16¢27.3) 16(27.3) 16
Limnetic -~ -- -- 5(9.2) .- 5(9.2) 5(9.2) 5¢9.2) 11(18.5) 16
=74 Col = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table €10. Surface invertebrate density in no./ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1986.
Terrestrial?/ Aquati&aj

Date Grand

Sites Col Hem Hom Hym Ara Other Total Dip Other Total N  Total

Apr. 3

Near shore  43(9.2) -- .- 79(54.8) 5(9.2) -- 127(55.4) 5(9.2) 5(9.2) 11(18.5) 138

Limnetic 16¢16.0) 11(18.5) -- 21(36.4) -- -- 48(47.5) 5(9.2) -- 5(9.2) 53

May 6

Near shore  64(86.5) 8(13.4) -- 13(25.2) 3(6.5) -- 88(117.5) 492(693.5) 34(84.1) 526(672.7) 614

Limnetic 45(67.0) 5¢13.1) .- 3(6.5) -- -- 53(71.5) 466(590.8) 5(13.1) 471(586.0) 524

June 6

Near shore 32(34.7) -- 8(8.8) 5(8.3) 3¢6.5) 3¢6.5) 50(38.0) 8(13.4) -- 8(13.4) 58

Limnetic 11(13.1) 5¢13.1) 3(6.5) 8(13.4) 3(6.5) 3(6.5) 32(22.3) 3(6.5) -- 3(6.5) 34

July 6

Near shore  16(14.3) -- 11(19.4) 32¢63.6) 3(6.5) 3(6.5) 64(59.5) 3¢6.5) -- 3(6.5) 66

Limnetic 5(8.3) 3(6.5) 16¢(31.6) 40(39.6) 5¢13.1) -- 69(63.8) 13¢15.7) -- 13¢15.7) 82

Aug. 6

Near shore  11(13.1) 8(13.4) 66(67.7) 278(512.5) -- -- 362(561.8) 5(8.3) -- 5¢8.3) 368

Limnetic 3(6.5) -- 19¢18.7)  26(57.4) -- -- 48(52.2) 11¢13.1) - 11¢13.1) 58

Sept. 3

Near shore -- .- 16¢27.7) -- -- -- 16¢27.7) 5¢(9.2) -- 5¢9.2) 21

Limnetic -- -- 16¢16.0)  16(27.7) -- -- 32¢31.5) 26(45.6) -- 26(45.6) 58

Oct. 9

Near shore 4¢10.7) 18(36.7) 76(82.6) 27(52.1) 2(5.3) 9¢11.6) 134(150.5) 138(234.0) 5(16.0) 143(237.5) 277

Limnetic 4¢10.7)  32(89.5) 46(66.7) 9¢18.1) 2(5.3) -- 92(166.0)  44(60.7) 2(5.3) 46(60.0) 138

Nov. 3

Near shore -- -- 5(9.2) -- -- -- 5(9.2) 21(9.2) -- 21(¢9.2) 27

Limnetic -- -- .- -- -- -- -- 11(9.2) -- 11(9.2) 1

Dec. 3

Near shore -- -- -- -- -- -- -- .-

Limnetic .- -- -- -- -- -- --

2/ cot = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table €11. Surface invertebrate density in no./ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1987.

Terrestrial®/ Aquatic-a-/

Date Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total N  Total
Mar. 3

Near shore -- 5(9.2) -- 5¢9.2) 11¢9.2) 21€24.4) 74¢66.1) 5(9.2) 79(69.2) 101
Limnetic 16¢27.7) 21(36.4) 5(9.2) 69¢60.0)  32(54.8) 143(160.9) 185(39.7) 5(9.2) 190¢47.5) 333
Apr. 3

Near shore 53(36.4) 5(9.2) 5(9.2) 53¢8.7) -- 116(37.0)  646(599.5)21(36.4) 667(634.1) 783
Limnetic 48(47.5) o - 21(9.2) -- 69(55.7)  254(207.9)11(9.2) 265(206.8) 333
May 3

Near shore 27(24.4) 42(32.7) 42(39.8) 21(24.4) -- -- 132¢(111.4) 53¢8.7) -- 53¢8.7) 185
Limnetic 119.2) 16¢27.7) 21¢18.5) 5(9.2) 11¢18.5) -- 64(69.2) 42(32.7) -- 42(32.7) 106
June 3

Near shore 5(9.2) 5¢9.2) 5(9.2) 42(32.7) 11(18.5) 69(39.8) 11(18.5) -- 11(18.5) 79
Limnetic 5(9.2) 11(18.5) s . - -- 16¢16.0) 11(9.2) - 11(9.2) 27
July 3

Near shore 106(117.0) 47(27.1) 106(144.0) 116¢103.1) -- 376¢381.1) 27(¢18.5) -— 27(18.5) 403
Limnetic 5(9.2) 21(18.5) 53(48.3) 42(48.3) -- - 122¢119.1) - . = 122
Sept. 3

Near shore 21(9.2) - - -- 21(9.2) 5(9.2) - 5(9.2) 27
Limnetic . . -- -- . 5(9.2) - 5(9.2) 5

& Col = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C12. Surface invertebrate density in no./ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1983-1987.

Date Terrestrial® Aquatic®’/ Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total N Total
Jan. 2

Near shore -- -- -- -- -- .- -- -- -- --
Limnetic -- .- -- -- -- -- -- -- --
Mar. 7

Near shore -- -- 11(14.3) 13¢35.2) 4(6.9) 10¢9.5) 38(49.4) 33(54.0) 2(6.0) 36(57.3) 73
Limnetic 12¢18.2) -- 16¢24.5) 14¢21.6) 29¢50.5) 20¢34.1) 91(108.3) 93(90.6) 2(6.0) 95(94.5) 186
Apr. 15

Near shore 59¢125.1) 6(15.3) 1(6.1) 30¢38.8) 13(19.4) 2(5.9) 110(158.3) 560(979.2) 8(17.0) 567(981.3) 677
Limnetic 30¢46.5) 2(8.3) B 9(17.6) 8(16.2) 1¢3.1) 50¢61.5) 412(630.1) 3¢6.1) 415(629.1) 465
May 17

Near shore  31(56.7) 12(21.0) 14¢32.0) 15¢31.9) 1(3.9) .- 72(104.9) 260(449.0)25(¢58.5) 285(440.4) 357
Limnetic 22(43.6) 5¢13.6) 14(42.6) 6(12.2) 3(9.3) -~ 50(79.5) 417(667.3) 5(13.4) 421(664.5) 471
June 21

Near shore  19(23.9) 6¢10.3) 8(13.9) 18(23.8) 5(9.9) 1(4.3) 56(53.0) 13¢15.4) -— 13¢15.4) 70
Limnetic 18(37.5) 4(9.8) 7¢16.4) 9(15.8) 2(6.3) 1(3.5) 41(62.5) 9(15.0) 3(6.3) 12¢15.9) 53
July 21

Near shore 39¢(51.4) 50(136.2) 115(371.2) 43(62.3) 2(5.3) 6(18.2) 255(472.1) 22(38.5) 2(7.0) 24(44.2) 279
Limnetic 9(12.3) 21(39.8) 67¢120.1) 32(40.3) 37.9) 3¢5.6) 134¢184.3) 12(¢12.1) 2(10.3) 14(14.0) 148
Aug. 23
Near shore 4(8.2) 4(8.4) 28(51.7) 129(303.5) -- 1(2.5) 165(333.8) 29(118.4) - 29(118.4) 194
Lirnnetic 3(5.9) 2(5.5) 10(13.8) 92(372.4) 2(8.5) 1(4.1) 110(382.4) 7¢12.5) -- 7¢12.5) 117
Sept. 18

Near shore 3(8.5) 27(90.2) 83(232.2) 12(20.9) 3¢6.8) 1(2.8) 129(260.6)  15(26.2) 1(3.8) 16¢25.9) 145
Limnetic 1(3.8) 17(37.5) 51(153.7) 43(140.6) 3(6.1) 5¢13.9) 119¢322.0) 18(30.8) 2(4.6) 20¢33.7) 138
Oct. 21

Near shore 5¢14.2) 10(26.2) 83(180.9) 13(35.5) 2(4.8) 4(8.6) 117(203.9) 64(162.2) 7¢16.9) 71¢164.1) 188
Limnetic 5¢13.4) 16(61.6) 179(415.4) 11(23.9) 5¢12.1) 1(2.8) 217(434.3)  30¢47.9) 3(5.9) 33(47.3) 250
Nov. 4

Near shore - e 7(8.2) - -- -- 7(8.2) 22(7.6) - 22(7.6) 29
Limnetic 4(6.2) -- 6(14.3) - -- 2(4.9) 12¢14.7) 13(18.3) -— 13¢18.3) 25
Dec. 4

Near shore - i -- .- -- -- -- B

Limnetic e e -- -- -- -- -- -- --

a/

Col = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C13. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1983.
Terrestrial& Aquaticy
Date Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total N Total
Sept. 3
Near shore 20(24.4) -- 4(6.9) 4(6.9) - 27(37.4) 50(57.1) - 50¢57.1) 78
Limnetic 9€17.5) -- 9(11.1) - 9C11.1)  26¢25.7) 29¢30.8) 3(6.0) 32(27.4) 58
Oct. 3
Near shore 12¢11.5) 12(20.2) 23(40.4) 4(6.9) - -- 51¢67.0) 20(24.4) -- 20(24.4) 70
Limnetic 4(6.9) 16¢27.1) 19(33.5) 12(20.2) .- .- 50¢87.2) 4€6.9) -- 4(6.9) 54
Nov. 2
Near shore 18(24.7) 12¢16.3) 721¢1003) 29(¢41.0) 6(8.5) 6(8.5) 791(1102)  140¢197.3) 6(8.5) 146(205.8) 936
Limnetic .. 6¢8.5) -- 6(8.5) -- - 6

¥ col = Coleoptera; Hem

= Hemiptera; Hom =

Homoptera; Hym = Hymenoptera; Ara o Arachnida;

Dip = Diptera.



Table C14. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1984.
Terrestrialy Aquaticg/

Date Grand

Sites Col Hem Hom Hym Ara Other Total Dip Other Total Total

July

Near shore 6(6.6) 4(9.4) 14(13.6) 4(6.2) 6(6.6) -- 33(26.9) 8(9.5) 10(18.8) 18(26.3) 51

Limnetic 8(9.5) 4(9.4) 10¢18.8) 4(9.4) -- 4(9.4) 29(25.3) 8(11.9) 4 (6.2) 12¢10.3) 41

Aug.

Near shore 13(21.3) 8(11.7) 11(14.9)  41(53.4) 1(4.0) 3(5.3) 76(64.1) 56(43.4) 1 (4.0) 57¢42.2) 133

Limnetic 1(4.0) 4(6.0) 9(7.8) 69(167.3) 1(4.0) -- 84(165.7) 30¢30.4) 3 (7-7) 32(32.8) 116

Sept.

Near shore -- 54(66.2) - -- -- 54(66.2) -- -- o 54

Limnetic 82(120.7) -- -- -- 82¢€120.7) 19(6.4) - 19¢6.4) 101

Oct.

Near shore 12(23.2) 18(19.2) 70¢85.6) 39(63.9) 4(6.2) 4€6.2) 146(167.5) 22(27.0) -- 22(27.0) 167

Limnetic 4(9.4) 10¢13.7) 101¢137.5) 8(14.1) 2(4.9) - 124¢160.4) 6(9.7) 4(6.2) 10¢15.4) 134

Nov.

Near shore -- - -- -- -- -- .- 6(8.5) 6(8.5) 6

Limnetic -- -- -- -- -- e - i

a/ Col = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym o Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table 15. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1985.
Terrestrialé/ Aquatic§/

Date Grand

Sites Col Hem Hom Hym Ara Other Total Dip Other Total Total

June

Rear shore 29(28.2) 33(43.6) 4(6.2) 8(9.5) 2(4.9) -- 76(55.6) 12(18.2) 66(48.5) 78(58.0) 153

Limnetic 12¢23.2)  16¢25.1) 10(23.7) - 2(4.9) -- 39¢33.3) 6(9.9 8¢14.1) 14(17.3) 53

July 3(7.2) 7(15.7) 12¢20.8) 9(8.2) 2(5.4) -- 33C33.3) 18(21.1) -— 18¢21.1) 51

Near shore  14(14.1) 7(15.7)  13(¢28.2) 13¢14.1) - -- 47(25.7)  24(22.4) 7(6.6) 31(¢16.3) 78

Limnetic

Aug. 14(14.4) 18(32.6) 76(111.2) 21(26.0) 2(6.0) -- 131¢(171.7)  55(45.5) - 55(45.5) 187

Near shore -- 16(28.8) 127(268.7) 5(¢12.1) - - 147(273.0) 93(177.3) - 93¢(177.3) 240

Limnetic

Sept. 5(13.1) 3¢6.5) 183(294.6) 27(25.8) 3¢6.5) -- 219¢304.5) 48(81.4) 3(6.5) 50¢(87.6) 270

Near shore 3(6.5) 8(13.4) 77(93.8) 3(6.5) -- -- 90(93.9) 24(16.8) - 24(16.8) 114

Limnetic

Oct. -- -- 3(6.5) - .- -- 3(6.5) 3(6.5) - 3(6.5) 5

Near shore -- — - 3(6.5) 3(6.5) - 5¢(8.3) 16(24.4) 5¢13.1) 21(37.0) 27

Limnetic

Yy Col = Coleoptera; Hem

= Hemiptera; Hom =

Homoptera;

Hym o Hymenoptera; Ara

Arachnida; Dip = Diptera.



Table C16. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1986.
Terrestrial®/ Aquaticgl

Date Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total N Total
June 3

Near shore 74(32.9) 5(9.2) - — -- 79(42.0) 21(9.2)  32¢41.8) 53¢50.9) 132

Limnetic 27(18.5) 5(9.2) -- 5(9.2) -- - 37(9.2) 5¢9.2) 16(27.7) 2124 .4) 59

July 6

Near shore 8(13.4) -- 11€19.4)  21(44.5) 5¢8.3) - 45(79.8) 95(210.1) - 95(210.1) 140

Limnetic -- -- 21(23.7) 3(6.5) - — 24(21.7) 5¢13.1) 11(13.1)  16¢20.2) 40

Aug. 6

Near shore 5(8.3) -- 64(155.5) 643(1458) - 3¢6.5) 714(1430)  143(224.4) - - 143(224.4) 857

Limnetic -- =" 5¢8.3) 1675(4001) -- -- 1680(3998) 166(324.8) - - 166(324.8) 1846

Sept. 6

Near shore 3¢6.5) .- 8(13.4) - - - 11¢13.1) 50¢107.9) -- 50¢107.9) 61

Limnetic 3¢6.5) 3(6.5) 13¢18.7) -- o o 19C23.6) 74(117.1) -- 74C117.10) 93

Oct. 6

Near shore -- 3(6.5) 3(6.5) 3(6.5) - -- 8(13.4) 13¢15.7) 21(32.5) 34(42.9) 42

Limnetic 3¢6.5) 3(6.5) 3(6.5) -- 3(6.5) -- 11(13.1) 16¢20.2) 5(8.3) 21¢19.4) 32

o Col = Coleoptera; Hem

= Hemiptera; Hom o Homoptera;

Hym = Hymenoptera;

Ara

Arachnida; Dip = Diptera.



Table C17. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1987.
Terrestrialy Aquaticy
Date Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total N Total
June 3
Near shore 5(9.2) 5(9.2) 5(9.2) 58(60.0) 5(9.2) -- 80(82.6) -- -- - 80
Limnhetic 5(9.2) -- 5(9.2) 16¢0.0) -- - 27(9.2) -- -- _ 27
July 3
Near shore  32(31.5) 21(36.4) 48(41.8) 757(1269) 5(9.2) 11¢18.5) 873(1361) 138(238.4) - - 138(238.4) 1010
Limnetic _ 11(9.2) 16¢27.7)  95¢110.9) -- -- 122¢101.9) -- -- .- 122
Sept. 3
Near shore -- -- 11¢18.5) -- -- -- 11€18.5)  466(495.6) -- 466(495.6) 476
Limnetic -- -- -- -- -- -- -- 153¢64.1) -- 153(64.1) 153

¥ col = Coleoptera; Hem

= Hemiptera; Hom =

Homoptera; Hym = Hymenoptera; Ara

Arachnida; Dip = Diptera.



Table €18. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1983-1987.

Terrestriat® Aquaticg/
Date Grand
Sites Col Hem Hom Hym Ara Other Total Dip Other Total N Total
June 12
Near shore  34(35.3) 19(33.3) 3¢6.1) 18(35.8) 2(5.5) -- 78(54.5) 11¢15.1) 41¢47.0) 52(55.7) 130
Limnetic 14¢19.7) 9¢18.7) 6(17.0) 5¢7.9) 1(3.5) -- 35¢23.7) 4¢6.5) 8(16.3) 12(17.6) 48
July 20
Near shore  10(16.3) 6(16.2) 17¢26.3) 123(494.7) 163(539.2) 56(142.7) 3(10.7) 59(142.3) 222
Limnetic 6¢10.1) 4(9.9 15¢22.6)  20(49.5) 46(51.7) 10¢16.3)  6¢(8.8) 16€17.2) 62
Aug. 22
Near shore  11¢16.2) 9¢20.2) 46€101.5) 199(¢765.0) 268(758.9) 79(122.0) 1(2.6) 80(121.8) 348
Limnetic 1¢2.6) 7(17.2) 46(154.6) 486(2092) 539(2086) 87¢194.1) 1(4.9) 88(193.9) 628
Sept. 21
Near shore 5(12.4) 1¢3.5) 64(168.4) 8(17.8) 79¢179.8) 102(230.1) 1(3.5) 102¢230.5) 181
Limnetic 3(8.5) 3¢8.0) 37(69.5) 1(3.4) 46(71.0) 56(77.0)  1(2.6) 56(76.6) 102
Oct. 21
Near shore 5¢13.5) 7¢146.1) 25(564.0) 12(36.4) 52(107.0) 14(19.3) 6(18.9) 20(29.4) 71
Limnetic 2(6.3) 6¢12.8) 32¢(82.8) 5¢10.9) 47(99.7) 11(17.6)  4(8.5) 15(23.5) 63
Nov. 4
Near shore 9(17.5) 6¢11.5) 360(713.0) 14(29.0) 396(783.0) 70(139.5) 6(6.9) 76(143.6) 471
Limnetic -- 3(6.0) -- - 3(6.0) - -- 3
a/ =

< Col = Coleoptera; Hem

= Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara

Arachnida; Dip = Diptera.



Table C19. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1983.
Terrestrial? Aquatici/

Date , Grand

Sites Col Heal Hom Hym Ara Other Total Dip Other Total N Total

Aug. 3

Near shore -- _ -- 0.39¢0.16) 0.12(0.21) - 0.51(0.33) - -- — 0.51

Limnetic -- -- 0.05¢0.09) 2.75(1.99) 0.01¢0.01) 0.01¢0.01) 2.81(2.09) - -- — 2.81

Sept. 4

Near shore 0.21¢0.43) -—- 0.06¢0.12) - - 0.72¢1.35) 4.04(8.06) 5.04(9.96) 0.07(0.09) -- 0.07¢0.09) 5.10

Limnetic - - 0.14¢0.19) 0.01¢0.03) 0.05¢0.10) 0.02(0.04) 0.22(0.23) 0.15¢0.23) -- 0.15(0.23) 0.37

Oct. 4

Near shore 0.03(0.06) -—- -- 0.01¢0.02) 0.05¢0.10) 0.00¢0.01) 0.09(¢0.10) 0.05(0.09) -- 0.05¢0.09) 0.14

Limnetic 0.02¢0.04) 0.02¢0.04) 0.01¢0.02) 0.02¢0.04) 0.02¢0.04) 0.01¢0.02) 0.09¢0.08) - .- — 0.09

Nov. 2

Near shore -- 0.03(0.04) -- 0.02(0.03) 0.04¢0.06) - 0.09¢0.01) 0.02(0.01) -- 0.02¢0.01) 0.10

Limnetic -- 0.09¢0.03) -- -- 0.04(0.06) - 0.14¢0.04) 0.02(¢0.01) -- 0.02(¢0.01) 0.15

Dec. 2

Near shore -- - .- - -- - -- -- .- -- _

Limnetic -- - - - . . . . . .

&/ Col = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.
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Table €20. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1984.

Date Terrestrialy Aquatica-/ Grand

Sites Col Hem Hom Hym Ara Other Total Dip Other Total N__ Total
Jan. 3

Near shore -- -- -- -- -- -- -- — -- -- --

Limnetic -- -- -- -- .- -- -- o - — .-

Mar. 2

Near shore .- -- -- -- -- .- o --

Limnetic .- -- .- - o -- --

Apr. 4

Near shore -- -- 0.01¢0.03) 0.02¢0.02) 0.01¢0.03) -- 0.05(0.03) 0.20¢0.35) -- 0.20(0.35) 0.25
Limnetic 0.04¢0.09) - - 0.01¢0.02) 0.01¢0.02) 0.01¢0.01) -- 0.07¢0.09) 1.15¢2.25) -- 1.15¢2.25) 1.22
May 4

Near shore 0.58(0.71) 0.00¢0.01) 0.02(¢0.02) 0.47¢0.55) 0.02(¢0.04) 2.06(4.12) 3.14¢5.11) 0.92(1.16) 0